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Previous research has suggested that the flipped classroom is effective for higher 
education students, however, limited research has been conducted for secondary school 
students.  The purpose of this study was to investigate attitudes, benefits, challenges and 
learning performance of secondary students studying grade 11 chemistry.  Fifty grade 11 
chemistry students (21 male, 29 female) between 16 - 17 years old participated in this 
study.  The data collection tools used included Likert survey questions, open-ended 
questions, pre- and post-tests, and focus group data.  Attitudes, benefits and challenges 
regarding the flipped classroom were clustered into five themes: the learning environment 
in the classroom after watching the videos at home, understanding concepts presented, 
availability of resources, the effectiveness of learning strategies used, and the quality of 
videos.  Overall, the attitude and benefits data indicated that most students were positive 
about the learning environment, thought they understood the concepts addressed, agreed 
that resources were readily available and rated the learning strategies highly.  Students 
also had positive attitudes towards the videos used, enjoying the ability to control the pace 
and review the videos when desired.  Some students expressed challenges with the 
learning environment, including the teaching methods used, the fast pace and environment, 
difficulty understanding the material and wanting more the lessons to be more effective 
and engaging.  Student learning on knowledge and application questions increased 
significantly using the flipped classroom approach.  The results of this study suggest that 
the flipped classroom approach to teaching is more complex than expected and educators 
must be flexible in their teaching practice to meet the needs of their students.  
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2.1 Overview  
Chemistry is a foundational course for students pursuing a career in science or 
engineering (Carter & Brickhouse, 1989; University of Toronto, 2018; University of 
Waterloo, 2018).  Some research has indicated that chemistry is a conceptually challenging 
subject for many students (Childs & Sheehan, 2009; Gabel, 1999).  Students studying 
chemistry must be good problem solvers, understand abstract concepts and have a grasp of 
difficult vocabulary (ACS, 2012).  Sozbilir (2004) explains that chemistry is difficult 
because it is abstract, rich in content and often taught from a teacher-centred approach.   
Secondary school students taught in classrooms today, known as Generation Z, born 
between 1995 and 2012 (Fernández-Cruz & Fernández-Díaz, 2016; Mládková, 2017) have 
unique learning preferences that may differ from previous generations.  They are perceived 
as technology savvy, self-confident and globally connected (Fernández-Cruz & Fernández-
Díaz, 2016; Mládková, 2017).  They like to interact through media and are very comfortable 
in the virtual world. They are also accustomed to short, good quality videos (Mládková, 
2017).  It is conceivable, then, that the traditional direct-instruction method of teaching 
chemistry may not be conducive to how Generation Z students learn.  
One alternative approach for Generation Z students is implementing a flipped 
classroom.  The Flipped Learning Network (2014) defines flipped learning as  
a pedagogical approach in which direct instruction moves from the 
group learning space to the individual learning space, and the 
resulting group space is transformed into a dynamic, interactive 
learning environment where the educator guides students as they 
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apply concepts and engage creatively in the subject matter 
(Definition of Flipped Learning section, para. 3).  
 
Flipping the classroom is a relatively new approach to teaching, and there is little formal 
research with respect to its use in secondary school environments (Schultz et al., 2014). 
Because of the difficulty of learning chemistry, the specialized learning needs of Generation 
Z students, the potential of learning through the flipped classroom, and the absence of 
formal research on secondary school students using flipped learning, this study examined 
how the flipped classroom impacted student attitudes and learning in high school 
chemistry classrooms. 
2.2 Previous Research  
The research on the use of flipped classroom can be divided into four themes: student 
attitudes, benefits of the flipped classroom, challenges of the flipped classroom and the 
impact of the flipped classroom on student learning performance.  Regarding student 
attitudes, some research has suggested that students found the flipped classroom more 
useful than the traditional classroom (Blair et al., 2015; Moraros et al., 2015; Smith, 2013).   
Students also had positive attitudes towards the use of the videos (e.g., Brooks, 2014; 
Enfield, 2013; Mason et al., 2013) and how well these videos enhanced student learning 
(e.g., Love et al., 2014; McLaughlin et al., 2014; Roach, 2014).  Additionally, students in the 
flipped classroom liked the in-class activities and discussions that disseminated from a 
flipped learning approach  (e.g., Gilboy et al., 2015; McCleery, 2015; Moraros et al., 2015).  
Students had mixed attitudes toward the structure and task-orientation offered in the 
flipped classroom (Mason et al., 2013; Strayer, 2012).  Finally, the learning environment of 
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the flipped classroom was reported to be more relaxed, open and flexible (Love et al., 2015; 
Kim et al., 2014; Baepler et al., 2014).  
The reported benefits of the flipped classroom included control over learning (e.g., 
Belfi et al., 2015; Gilboy et al., 2015; Guerrero et al., 2013), attaining a deeper level of 
understanding (e.g., Fautch, 2015; Love et al., 2015),  more engagement with the material 
(e.g., Baepler et al., 2014; Enfield, 2013; Fautch, 2015), increased confidence (e.g., McCleery, 
2015; McLaughlin et al., 2014; Tawfik & Lilly, 2015), developing greater collaboration with 
peers (e.g., Hung, 2015; Sinouvassane & Nalini, 2016; Strayer, 2012), better connections 
with teachers (e.g., Amiri et al., 2013; Ogden, 2015; Schultz et al., 2014), increased 
efficiency of class time (Arnold-Garza, 2014; Yoshida, 2016) ease of reviewing concepts 
(e.g., Post et al., 2015; Yong et al., 2015) and improved rate of assignment completion (e.g., 
Blair et al., 2015; Flynn, 2015).   
Challenges to learning  in the flipped classroom included difficulty focusing (e.g., 
McCleery, 2015; Schultz et al., 2014; Yong et al., 2015), lengthy videos (Schultz et al., 2014), 
videos that were too slow (Belfi et al., 2015; Yeung & O’Malley, 2014), inability to ask 
questions while watching videos (e.g., Fautch, 2015; Post et al., 2015; Wasserman et al., 
2015), preferences for the traditional lecture approach (e.g., Arnold-Garza, 2014; Kim et al., 
2014), not being prepared for class (Gilboy et al., 2015; Sinouvassane & Nalini, 2016), 
missed interactions in the classroom (e.g., Blair et al., 2015; Butt, 2014), and perceptions of 
increased workload (Critz & Knight, 2013; Nwosisi et al., 2016; Sinouvassane & Nalini, 
2016) 
Finally, regarding student performance,  a number of studies have reported that 
students in the flipped classroom performed better than their peers in the traditional 
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classroom  with respect to  assignments (Mason et al., 2013; McGivney-Burelle & Xue, 
2013), tests (Belfi et al., 2015; Hung, 2015), exams (e.g., Gross et al., 2015; Love et al., 2014; 
Wasserman et al., 2015), final grades (e.g., Fautch, 2015; Nwosisi et al., 2016; Wilson, 2013) 
and lower failure rates (Flynn, 2015; Nwosisi et al., 2016).   
However, not all results were positive concerning the student’s learning performance 
in the flipped classroom.  Multiple studies reported that there were no significant 
differences in learning performance between flipped and traditional classrooms for 
assignments (Larson & Yamamoto, 2013), pre-test and post-test measures (Davies et al., 
2013; Guerrero et al., 2013; Brooks, 2014), quizzes (Yong et al., 2015), exams (Blair et al., 
2015; Galway et al., 2014; McLaughlin et al., 2013), final grades (Moraros et al., 2015) or 
failure rates (Blair et al., 2015). 
2.3 Limitations 
There are at least four limitations regarding previous research conducted on flipped 
classrooms.  First, many of the teachers who were involved in using the flipped classroom 
were not experts, and many had not used this approach before - they were first-time 
“flippers.”  Second, most studies on flipped classrooms focused on post-secondary 
programs.  Only one study examined flipped learning in secondary school chemistry 
classrooms.  Third, in terms of evaluating student performance, only eight out of  24 studies 
examined student performance using pre- and post-tests (Belfi et al., 2015; Davies et al., 
2013; Galway et al., 2014; Guerrero et al., 2013; Pierce & Fox, 2012; Wasserman et al., 
2015; Brooks, 2014; Yong et al., 2015).  Finally, the measurement of learning performance 
associated with flipped learning was somewhat limited.  The questions that were used to 
ask students about their level of knowledge were predominately multiple-choice, and the 
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type of question asked (knowledge-based vs. application-based) was only discussed in 
eight out of 24 studies that examined student performance (Wilson, 2013; Guerrero et al., 
2013; Mason et al., 2013; Moffett & Mill, 2014; Nwosisi et al., 2016; Pierce & Fox, 2012; 
Brooks, 2014; Yong et al., 2015).  
2.4 Research Goal 
The goal of this study was to examine the impact of a flipped learning approach on 
the attitudes and learning performance of secondary school students studying grade 11 
chemistry. 
Four key questions were addressed:  
1. What are high school chemistry students’ attitudes towards learning in a 
flipped classroom? 
2. What are the benefits of participating in a flipped classroom approach to 
learning chemistry? 
3. What are the challenges of participating in a flipped classroom approach to 
learning chemistry?  
4. What is the impact of using a flipped classroom on learning performance? 
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3 Literature Review 
3.1 Overview 
Major topics covered in this literature review include defining the flipped classroom, 
attitudes towards learning in a flipped classroom, the benefits and challenges of learning in 
a flipped classroom and the impact of the flipped classroom on student learning 
performance.  The gaps in previous research conducted on the flipped classroom will also 
be discussed in detail.  The articles for this review span 16 years from 2000 to 2016.   
3.2 Defining Flipped Learning 
The Flipped Learning Network (2014) defines flipped learning as  
a pedagogical approach in which direct instruction moves from the 
group learning space to the individual learning space, and the 
resulting group space is transformed into a dynamic, interactive 
learning environment where the educator guides students as they 
apply concepts and engage creatively in the subject matter 
(Definition of Flipped Learning section, para. 3).  
 
The Flipped Learning Network (2014) further differentiates the flipped learning 
process using four pillars: a flexible learning environment, learning culture, intentional 
content, and feedback from a professional educator.  A flexible learning environment 
includes the physical space that students learn in, the timelines in which students learn, 
and the assessments that students complete.  The learning culture of flipped learning is 
student-centred where participants choose their level of differentiation.  Intentional 
content refers to the instructor determining what they need to teach directly and what 
students can learn on their own.  Careful selection of out-of-class and in-class content is 
crucial because in flipped learning class time is devoted to student-centred, active learning 
  15 
 
 
strategies that reinforce concepts that students were exposed to out of the classroom.  
Finally, the fourth pillar, the professional educator, means that the instructor is 
continuously assessing students with instant and continuous feedback.   
In a typical flipped classroom approach, students watch videos at home which 
present key content that will be explored in class.  During class time, students have many 
opportunities to practice their learning with activities, discussions, labs, demonstrations, 
debates, and problem sets.  Students can collaborate with their peers and move through the 
content at their own pace.  There are opportunities for support from the instructor who 
offers immediate feedback when required.  
Throughout this literature review, the terms flipped learning and flipped classroom 
are used interchangeably.  However, it is understood that flipped learning is much more 
comprehensive (as defined above) than the flipped classroom, as the latter can refer to 
simply one class period or individual aspects of the entire flipped learning program.   
3.3 Student Attitudes Towards Learning in a Flipped Classroom  
An analysis of the literature revealed four themes related to student attitudes 
towards learning in the flipped classroom including comparisons with traditional 
classrooms, videos, pedagogy used, and the learning environment.  The following sections 
discuss each of these themes in turn.  
3.3.1 Comparison to Traditional Classroom 
A number of studies suggested that the flipped classroom was perceived as more 
useful for student learning than the traditional classroom.  Butt (2014) reported that 75% 
of actuarial students surveyed felt that the flipped classroom format was beneficial to their 
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learning when compared to the traditional classroom.  Moraros et al. (2015) noted that 
80% of epidemiology students surveyed in the flipped classroom found the format to be 
effective.  Eighty percent of undergraduate chemistry students surveyed agreed that the 
flipped classroom was more useful than the traditional classroom (Smith, 2013).  Blair et al. 
(2015) reported that 60% of undergraduate engineering students surveyed strongly 
agreed that the online components of the flipped classroom were more useful when 
compared to the traditional classroom.  Finally, Foertsch et al. (2002) noted that 
undergraduate engineering students in the flipped classroom rated the lectures 
significantly higher than in the traditional classroom.   
In several studies, students reported wanting to experience more flipped classrooms 
and would recommend the approach to their peers.  Frydenberg (2013) noted that 
undergraduate information system students in the flipped classroom wanted the flipped 
classroom format implemented in other classes.  Pierce and Fox (2012) surveyed post-
graduate pharmacy students and found that 62% of students in the flipped classroom 
wanted more instructors to use the flipped model.  Roach (2014) indicated that three-
quarters of undergraduate microeconomics students agreed or strongly agreed that they 
would take another course that used videos in addition to traditional teaching.  Galway et 
al. (2014) reported that graduate public health students in the flipped classroom agreed 
that in the future they would rather take a flipped course than a traditional course.  Lastly, 
undergraduate students in a flipped classroom would recommend the course more than 
students in the traditional classroom (Foertsch et al., 2002; Love et al., 2015; Brooks, 
2014).   
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Two studies indicated that higher education students were neutral or unsatisfied 
with a flipped learning approach.  Nwosisi et al., (2016) reported that only 55% of 
undergraduate networking and general education students agreed that they wanted more 
of their course to be flipped.  Missildine et al., (2013) added that undergraduate nursing 
students were significantly less satisfied with the flipped classroom approach when 
compared to traditional lectures.   
3.3.2 Videos 
Videos appear to be a fundamental component of flipped learning.  Eleven studies 
reported on various aspects of the videos including the frequency of use (Franciszkowicz, 
2008; Gross et al., 2015; Smith, 2013), usefulness (Enfield, 2013; Mason et al., 2013; Smith 
2013; Brooks, 2014) and student learning (Brooks, 2014; Enfield, 2013; Franciszkowicz, 
2008; Galway et al., 2014; Larson & Yamamoto, 2013; Love et al., 2014; McLaughlin et al., 
2014; Roach, 2014; Smith, 2013).   
Concerning the frequency of video usage, Franciszkowicz (2008) indicated that over 
50% of the undergraduate chemistry students in a flipped classroom used videos 
frequently or always.  A number of students also watched videos multiple times, with 75% 
viewing the video at least three times, and 34% looking at the video more than five times.  
Gross et al. (2015) reported that undergraduate chemistry students in the flipped 
classroom with higher exam scores watched the videos significantly more consistently than 
students with lower exam scores.  Finally, Smith (2013) observed that undergraduate 
chemistry students watched each video an average of three times.   
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Regarding the usefulness of videos, Smith (2013) also noted that 93% of 
undergraduate chemistry students agreed that the videos helped to reinforce concepts.  
Mason et al., (2013) reported that 70% of undergraduate mechanical engineering students 
in the flipped classroom commented that the videos were useful.  Ninety-five percent of 
undergraduate multimedia students surveyed in the flipped classroom felt that the content 
of the videos was appropriately challenging (Enfield, 2013).  Smith (2013) added that 87% 
of undergraduate chemistry students in the flipped classroom agreed that the length and 
number of pre-recorded lectures were appropriate for their learning.  Finally, Brooks 
(2014) noted that undergraduate writing students in the flipped classroom liked when 
videos were short and to the point.  The research suggests that students had either positive 
or mixed opinions about learning with videos.  Some students preferred learning through 
videos in the flipped classroom (Fautch, 2015; Foertsch et al., 2002; Gilboy et al., 2015; 
Mason et al., 2013).  Fautch (2015) indicated that on average, organic chemistry students, 
over four terms agreed that having their lectures recorded benefitted them.  Foertsch et al., 
(2002) surveyed 531 undergraduate engineering students in the flipped classroom and 
found that 78% of them felt that it was more convenient to watch lectures online than to 
attend live lectures.  In the same population of students, 59% felt that online lectures had a 
positive impact on their learning.  Gilboy et al., (2015) surveyed 142 undergraduate 
nutrition students and found that 76% preferred watching videos to attending lectures.  
Mason et al., (2013) noted that undergraduate mechanical engineering students in the 
flipped classroom rated videos as stronger contributors to their learning than homework.  
Finally, McCleery (2015) reported that 41% of 58 students preferred watching videos to 
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traditional lectures, 28% were uncertain of their preference and 31% of students preferred 
traditional lectures.   
3.3.3 Pedagogy 
3.3.3.1 Learning Activities 
Students in the flipped classroom enjoyed learning through activities or discussion  
(Belfi et al., 2015; Butt, 2014; Critz & Knight, 2013; Frydenberg, 2013; Galway et al., 2014; 
Gilboy et al., 2015; Lage et al., 2000; Mason et al., 2013; McCleery, 2015; McLaughlin et al., 
2013; Moraros et al., 2015; Tune et al., 2013; Yeung & O’Malley, 2014).  Galway et al. (2014) 
reported that graduate public health students in the flipped classroom liked the variety of 
learning activities used in class and that these activities contributed to a positive learning 
experience.  Gilboy et al., (2015) noted that 64% of undergraduate nutrition students 
preferred in-class activities to lectures.  Belfi et al., (2015) indicated that radiology students 
found the modules of the flipped classroom most valuable when reinforced with in-class 
activities.  Yeung and O’Malley (2014) reported that undergraduate chemistry students in 
the flipped classroom enjoyed the increased activity and learning within a flipped 
classroom.  Mason et al., (2013) reported that undergraduate mechanical engineering 
students felt that the format of the flipped classroom was more effective and better 
prepared them for an engineering career than the traditional classroom did.  McCleery 
(2015) surveyed 41 undergraduate biology students in the flipped classroom, and 65% 
agreed or strongly agreed that discussion groups were preferable to traditional lectures.  
Critz and Knight (2013) reported that 70% of graduate nurse practitioner students 
surveyed felt that working through the in-class, application-based case studies after 
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watching videos outside of class was extremely worthwhile to their learning.  Finally, Lage 
et al. (2000) reported that undergraduate microeconomics students in the flipped 
classroom believed that the in-class experiments were effective in helping students to 
learn.   
3.3.3.2 Structure & Task Orientation 
Students appear to have mixed attitudes toward the structure and task-orientation 
offered in the flipped classroom (Mason et al., 2013; Strayer, 2012).  Mason et al. (2013) 
reported that some mechanical engineering students in the flipped classroom asked for a 
more structured course organization.  Strayer (2012) added that undergraduate statistics 
students in the flipped classroom had significantly higher negative attitudes towards task 
orientation compared to students in the traditional classroom.  On the other hand, some 
undergraduate students enjoyed the structure of the flipped classroom (Galway et al., 
2014; Hung, 2015).  Hung (2015) reported that 72% of undergraduate English Language 
Learner (ELL) students in the flipped classroom surveyed said that they liked the 
structured design of the flipped classroom approach to teaching.   
3.3.3.3 Applying Knowledge 
The ability to apply knowledge to future occupations is an intended outcome of 
flipped learning.  Yeung and O’Malley (2014) indicated that undergraduate chemistry 
students in the flipped classroom believed that the format of the flipped classroom allowed 
them to better apply their knowledge in context.  McLaughlin et al. (2014) reported that 
98% of pharmacy students surveyed agreed that the knowledge and skills they developed 
would be useful for their future.  Love et al. (2014) noted that undergraduate linear algebra 
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students in the flipped classroom believed that linear algebra was more helpful to their 
career than students who participated in the traditional classroom.  Similarly, McLaughlin 
et al. (2013) indicated that pharmacy students surveyed in the flipped classroom liked that 
they could connect course content to the workplace and future practices.  Foertsch et al. 
(2002) noted that undergraduate engineering students in the flipped classroom believed 
the problem solving and computer application skills that they learned would be useful to 
them in the future.  Lastly, Tawfik & Lilly (2015) reported that undergraduate psychology 
students in the flipped classroom were motivated by in-class activities because they were 
related to relevant psychological concepts.    
3.3.4 Learning Environment 
Overall, students appeared to have positive attitudes toward the learning 
environment in flipped classrooms.  Love et al. (2015) reported that undergraduate 
programming students in the flipped classroom felt that the learning environment in class 
was relaxed.  Kim et al. (2014) added that undergraduate students in engineering, 
sociology and the humanities felt that the flipped classroom environments were very open.  
Baepler et al. (2014) indicated that undergraduate chemistry students in the flipped 
classroom believed that the format of the course allowed for more flexibility in class than in 
the traditional classroom.  Finally, Frydenberg (2013) reported that undergraduate 
information systems students in the flipped classroom found the format of the course to be 
more personal.   
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3.4 Benefits of Flipped Learning 
Fifty studies discussed the benefits of learning in a flipped classroom for students.   
Seven themes emerged including learning, engagement, confidence, collaboration, 
connection with the teacher, use of class time, and assessment.   
3.4.1  Learning  
3.4.1.1 Pace of Learning 
A number of studies reported that one benefit of the flipped classroom was students 
having control over the pace of their learning (Belfi et al., 2015; Foertsch et al., 2002; 
Franciskowicz, 2008; Gilboy et al., 2015; Guerrero et al., 2013; Hung, 2015; Larson & 
Yamamoto, 2013; Love et al., 2015; Mason et al., 2013; McCleery, 2015; McGivney-Burelle & 
Xue, 2013; McLaughlin et al., 2014; Mok, 2014; Ogden, 2015; Pierce & Fox, 2012; Post et al., 
2015; Roach, 2014; Schultz et al., 2014; Sinouvassane & Nalini, 2016; Tawfik & Lilly, 2015; 
Teo et al., 2014; Tune et al., 2013; Yeung & O’Malley, 2014; Yong et al., 2015; Yoshida, 
2016).  Post-secondary students controlled the pace of their learning through pausing, 
rewinding and fast-forwarding videos when necessary in a variety of subject areas 
including microeconomics (Roach, 2014), information systems (Mok, 2014) chemistry 
(Franciskowicz, 2008; Teo et al., 2014; Yeung & O’Malley, 2014), biology (McCleery, 2015), 
physiology (Tune et al., 2013) radiology (Belfi et al., 2015), pharmacy (McLaughlin et al., 
2014; Pierce & Fox, 2012) algebra (Love et al., 2014; Ogden, 2015), calculus (McGivney-
Burelle & Xue, 2013), differential equations (Yong et al., 2015), mechanical engineering 
(Mason et al., 2013), psychology (Tawfik & Lilly, 2015) and education (Yoshida, 2016).  
Secondary school students also reported similar results in chemistry (Schultz et al., 2014).  
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3.4.1.2 Quality of Learning Process 
Several studies reported that students were better able to follow course materials 
and content when a flipped classroom approach was used (Frydenberg, 2013; Phillips & 
Trainor, 2014).  Blair et al. (2015) noted that 67% of undergraduate engineering students 
surveyed significantly agreed that the course material was easier to follow compared to a 
traditional classroom.  Gilboy et al. (2015) reported that 62% of undergraduate nutrition 
students in the flipped classroom felt that they learned to use course resources more 
effectively than in the traditional classroom.  McLaughlin et al. (2014) noted that 91% of 
pharmacy students in the flipped classroom agreed that the format of the flipped classroom 
greatly enhanced their learning.  Similarly, 72% of undergraduate networking and general 
education students surveyed agreed that the flipped classroom format helped them to 
learn the content more easily a traditional classroom format (Nwosisi et al., 2016).  Finally, 
Ogden (2015) indicated that 53% of undergraduate algebra students in the flipped 
classroom rated their learning as excellent, while 31% rated their learning as good.   
Several studies focused on videos as a key factor that contributed to the learning 
process.   Foertsch et al. (2002) reported that undergraduate engineering students in the 
flipped classroom enjoyed being able to watch lectures on their own time.  Hung (2015) 
indicated that undergraduate ELL students in the flipped classroom liked that if they 
missed something in class, they could go back and review videos at any time.  Teo et al. 
(2014) reported that undergraduate chemistry students appreciated that videos allowed 
them to assess, review and dissect complex lab procedures before a lab.  McGivney-Burelle 
& Xue (2013) noted that undergraduate calculus students in a flipped classroom 
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environment liked that videos allowed them to work through worked examples and 
presented a big picture of the course material before class.  Franciskowicz (2008) added 
that videos showed undergraduate chemistry students how to solve complex problems by 
breaking them done into more manageable chunks.   
Several studies indicate that in-class activities contributed significantly to the 
learning process (Arnold-Garza, 2014; Baepler et al., 2014; Fautch, 2015; Galway et al., 
2014; Gilboy et al., 2015; McCleery, 2015; McLaughlin et al., 2014; Post et al., 2015; Wilson, 
2013; Yoshida, 2016).  The type of activity done in class was relevant.  Pharmacy students 
in a flipped classroom agreed that interactive, applied in-class activities and discussions 
greatly enhanced their learning (McLaughlin et al., 2014).   Mason et al. (2013) reported 
that undergraduate mechanical engineering students in the flipped classroom believed that 
the in-class design projects and examples contributed to their understanding of concepts.   
McCleery (2015) noted that 95% of undergraduate biology students in the flipped 
classroom surveyed agreed that in-class discussion groups helped them to understand 
lecture material better.  Finally, several studies suggested that problem-solving activities 
done in class in undergraduate engineering (Toto & Nguyen, 2009; Foertsch et al., 2002), 
algebra (Love et al., 2015) and chemistry (Flynn, 2015) improved the learning process.  
3.4.1.3 Depth of Learning 
Much of the depth in learning in the flipped classroom occurred during in-class 
activities.  Tune et al. (2013) reported that graduate physiology students enjoyed increased 
pre-class participation because they came up with more meaningful questions during class 
discussions.  McLaughlin et al. (2013) noted that pharmacy students in the flipped 
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classroom felt that they had deeper discussions due to a greater knowledge base. 
McGivney-Burelle & Xue (2013) reported that undergraduate calculus students in a flipped 
classroom could address and solve more challenging problems in class compared to a 
traditional format.  Love et al. (2015) noted that 70% of undergraduate linear algebra 
students in a flipped classroom agreed that explaining a problem to their partner helped 
them to develop a deeper understanding of the problem.  
The flipped classroom was also found to aid in the development of critical thinking 
and analytical skills.  Guerrero et al. (2013) observed that elementary pre-service teachers 
in the flipped classroom asked more application-based and conceptual questions, while 
their peers in the traditional classroom were observed to ask more definition-based and 
procedural questions.  McLaughlin et al. (2013) reported that pharmacy students in the 
flipped classroom felt that the format of the flipped classroom allowed them to develop 
their critical thinking skills.  Franciskowicz (2008) noted that 27% of undergraduate 
chemistry students surveyed strongly agreed that the course improved their critical 
thinking and analytical skills.  Finally, Sinouvassane & Nalini (2016) found that 
undergraduate health science students believed that the application-based questions posed 
to them in the flipped classroom increased their critical thinking skills.  
3.4.1.4 Asking Questions 
The opportunity to ask questions of the instructor is an important part of the learning 
process.  Students in the flipped classroom appreciated that they could bring their 
questions to class based on the content reviewed before class while watching videos (Amiri 
et al., 2013; Guerrero et al., 2013; Smith, 2013).  Butt (2014) reported that undergraduate 
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actuarial students felt that they had significant opportunities to ask questions and get 
clarification, when necessary, during class time.  Arnold-Garza (2014) noted that 
undergraduate students in the flipped library sessions appreciated that they could ask 
questions and receive immediate feedback.  Gannod (2008) observed that almost two-
thirds of undergraduate software engineering students in the flipped classroom could have 
their questions addressed by the instructor during class.  McGivney-Burelle & Xue (2013) 
added that undergraduate calculus students in the flipped classroom had more time to ask 
questions in class because there were fewer time constraints.  Hung (2015) reported that 
undergraduate ELL students in the flipped classroom reported that it was less intimidating 
to ask questions in the flipped classroom than in a traditional classroom.  Finally, Schultz et 
al. (2014) noted that secondary school AP chemistry students liked that they could ask 
questions outside of class.  
3.4.2 Engagement 
Students in the flipped classroom reported high levels of engagement with videos and 
in-class activities.  Some studies suggested that the video and homework components of 
the flipped classroom were engaging for students.  Enfield (2013) reported that 57% of 
undergraduate multimedia students felt that videos from the flipped classroom were 
engaging.  McCleery (2015) added that undergraduate biology students liked that the 
videos were short thereby maintaining attention.  Franciszkowicz (2008) indicated that 
undergraduate chemistry students said that the visual features of videos were engaging.  
McLaughlin et al. (2013) reported that pharmacy students in the flipped classroom felt that 
the videos forced them to be more involved with the course content.  Finally, Gross et al. 
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(2015) noted that undergraduate chemistry students in the flipped classroom attempted 
and worked through online homework questions more consistently than students in the 
traditional classroom.  
A number of studies reported that in-class activities were more motivating and 
engaging for undergraduate students in flipped classrooms than  traditional classrooms in 
chemistry (Baepler et al., 2014; Fautch, 2015; Franciszkowicz, 2008; Smith, 2013), biology 
(McCleery, 2015), physiology (Tune et al., 2013; ), pharmacy (McLaughlin et al., 2013; 
McLaughlin et al., 2014; Ryan, 2013), algebra (Love et al., 2015) information systems 
(Frydenberg, 2013), microeconomics (Lage et al., 2000; Roach, 2014), multimedia (Enfield, 
2013) and English (Hung, 2015).  McCleery (2015) reported that undergraduate biology 
students found real-life problem-solving in class to be engaging.  Love et al. (2015) noted 
that almost three-quarters of undergraduate linear algebra students surveyed in the 
flipped classroom agreed that working out problems on the board was more fun than in the 
traditional lecture only classroom.  Enfield (2013) noted that undergraduate multimedia 
students were more engaged with instructor-led demonstrations of new concepts after 
watching videos.  Fautch (2015) indicated that undergraduate organic chemistry students 
in the flipped classroom were more engaged in class discussions than they were in the 
traditional classroom.  Finally, McLaughlin et al. (2014) reported that pharmacy students in 
the flipped classroom felt that they engaged in discussions during class time significantly 
more than the traditional classroom. 
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3.4.3 Confidence of Learners  
Students participating in flipped classrooms reported increased confidence in at least 
four areas: knowledge, problem-solving skills, discussion skills,  and self-assessment of 
learning.  Students in the flipped classroom reported increased confidence in their subject 
area knowledge for calculus (McGivney-Burelle & Xue, 2013), algebra (Ogden, 2015), 
pharmaceutical studies (McLaughlin et al., 2014; Pierce & Fox, 2012) and multimedia 
(Enfield, 2013).  The flipped classroom was also seen to improve student’s problem-solving 
skills in chemistry (Fautch, 2015), information systems (Mok, 2014), and engineering 
(Foertsch et al., 2002).  Not only was confidence increased in knowledge and problem-
solving skills; it also increased in discussion skills in biology (McCleery, 2015), English 
(Hung, 2015) and algebra (Love et al., 2015).  Lastly, in the flipped classroom, students 
could see improvements in their learning specifically in psychology (Tawfik & Lilly, 2015), 
the humanities (Kim et al., 2014) and engineering (Kim et al., 2014). 
Not all studies reported an increase in the confidence of learners in the flipped 
classroom.  One study indicated that undergraduate differential equations students in the 
flipped classroom had no significant difference in their confidence in taking math courses, 
compared to students in the traditional classroom (Yong et al., 2015).   
3.4.4 Collaboration with Peers 
Sixteen studies investigated the collaborative nature of the flipped classroom 
approach.  Four themes emerged including increased their interactivity with peers 
(Foertsch et al., 2002; Hung, 2015; Lage et al., 2000; Love et al., 2015; Schultz et al., 2014; 
Sinouvassane & Nalini, 2016; Smith, 2013; Strayer, 2012), gaining multiple perspectives 
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(Foertsch et al., 2002; Frydenberg, 2013; Galway et al., 2014; Kim et al., 2014), improved 
learning (Galway et al., 2014; Lage et al., 2000; McGivney-Burelle & Xue, 2013; Roach, 
2014), and increased/improved communication (Arnold-Garza, 2014; Herold et al., 2012; 
Wasserman et al., 2015).  
Students in the flipped classroom reported increased interactivity with their peers.  
Schultz et al. (2014) noted that secondary school AP Chemistry students favoured the 
ability to work with classmates.  Similarly, Lage et al. (2000) and Love et al. (2015) 
observed that undergraduate students in the flipped classroom enjoyed collaborating with 
their peers.  According to Sinouvassane and Nalini (2016), undergraduate health science 
students in their first year of study agreed that the flipped classroom enhanced their 
collaboration with their peers.  Hung (2015) reported that 64% of undergraduate ELL 
students in the flipped classroom felt that the enhanced interaction with their classmates 
and instructor was the second most common reason why they liked the flipped classroom.  
Forty-three percent of undergraduate chemistry students in the flipped classroom agreed 
that the interactivity of the flipped classroom was helpful for their learning (Smith, 2013).   
Students enjoyed increased perspectives of their peers that the flipped classroom 
allowed.  Frydenberg (2013) reported that undergraduate information systems students in 
the flipped classroom believed that the format of the flipped classroom promoted 
cooperation among classmates.  Galway et al. (2014) noted that 82% of graduate public 
health students in the flipped classroom agreed that the flipped classroom enabled more 
interaction with their instructor and classmates.  Also, these students liked the smaller 
class sizes in the flipped classroom which contributed to the increased feeling of 
interactivity.  Kim et al. (2014) indicated that the activities completed in the flipped 
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classroom promoted interaction and cohesion which led to a greater understanding of 
course concepts.  Two results of interest were reported in the Foertsch et al. (2002) study.  
Firstly, 51% of undergraduate engineering students had a positive survey response to 
working in teams in the flipped classroom, with 26% of students specifically mentioning 
that the collaboration with peers is their favourite aspect of learning in the flipped 
classroom.  Secondly, this same group of students enjoyed having multiple perspectives on 
how to solve problems.  
Students also commented that collaboration within a flipped classroom improved 
learning.  McGivney-Burelle and Xue (2013) found that undergraduate calculus students in 
the flipped classroom liked that they could work in groups to share their ideas, helping in 
their learning.  Galway et al. (2014) reported that 100% of graduate public health students 
in the flipped classroom agreed that the interactions with their instructor and classmates 
contributed to their learning.  Roach (2014) indicated that 62% of undergraduate 
microeconomics students in the flipped classroom agreed that their discussions with 
classmates shaped their learning.  Lage et al. (2000) observed that undergraduate 
microeconomics students in the flipped classroom enjoyed working together and 
benefitted from hearing each other’s explanations.  Also, this same group of students 
reported that they liked being able to work in groups since it was helpful for them to learn 
from their peers.   
The increase in communication between students was another reported benefit of the 
flipped classroom.  Wasserman et al., (2015) indicated that undergraduate calculus 
students in the flipped classroom were more likely to communicate on a regular basis 
during class time than in the traditional classroom.  Arnold-Garza (2014) noted that 67% of 
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librarians in the flipped classroom believed that students engaged with each other more 
during in-class activities.   
3.4.5 Relationship with Teacher 
Fifteen studies reported on the enhanced relationship between students and teachers 
in a flipped classroom environment, specifically examining interactions with the instructor, 
online connections with the instructor, and responsiveness of the instructor.   
The flipped classroom environment increased interactions between students and 
teachers.  Amiri et al. (2013) reported that 70% of undergraduate students surveyed felt 
that the flipped classroom enhanced their relationship with their teacher.  Ryan (2013) 
noted that undergraduate pharmaceutical students in the flipped classroom felt more 
engaged with the instructor during in-class activities.  Lage et al. (2000) observed that 
undergraduate microeconomics students in the flipped classroom were more willing to ask 
questions in class, due to the increased one-on-one time with the instructor.  In two studies, 
students reported that participating in a flipped classroom allowed them each to interact 
and check in with their teacher in every class (Fautch, 2015; Tawfik & Lilly, 2015).   
Not only were students able to connect in class, but they also felt a connection to their 
teacher through the online components of the courses.  Seventy percent of undergraduate 
nutrition students in the flipped classroom felt connected to their teacher during the online 
component of the course (Gilboy et al., 2015).  Ogden (2015) reported that undergraduate 
algebra students in the flipped classroom felt that the teacher creating the videos increased 
their learning because they represented their teacher’s style of instructions.   
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Students reported that the teacher was more responsive in the flipped classroom and 
that the increased interactions with their teacher were beneficial to their learning.  
Foertsch et al. (2002) noted that undergraduate engineering students in the flipped 
classroom gave the teacher a significantly higher score for responsiveness than in the 
traditional classroom.  Six studies specifically mentioned students enjoyed the option to get 
assistance from their teacher when needed, including Foertsch et al. (2002), Wilson (2013), 
Love et al. (2015), McGivney-Burelle & Xue (2013).  Butt (2014) noted that 88% of 
undergraduate actuarial students surveyed felt that they had sufficient support to learn 
during the course.   
3.4.6 Use of Class Time 
Seven studies discussed the use of class time in the flipped classroom focusing on 
effectiveness (Arnold-Garza, 2014; Fautch, 2015; Ogden, 2015; Toto & Nguyen, 2009; 
Yoshida, 2016) and the increased time for discussions (McCleery, 2015).  Students in the 
flipped classroom felt that the flipped format was an effective teaching method.  Fautch 
(2015) indicated that undergraduate organic chemistry students claimed that watching the 
videos before class made the class time more productive.  Ogden (2015) noted that 
undergraduate algebra students thought that the flipped classroom allowed class time to 
be more effectively used and that students could focus on what they did not understand.  
Twenty-five percent of pre-service teachers in the flipped classroom noted that videos 
enhanced the effectiveness of classroom activities (Yoshida, 2016).  Arnold-Garza (2014) 
reported that librarians in the flipped classroom felt that the students had the opportunity 
to direct the use of class time to address their specific needs.  Finally, McCleery (2015) 
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indicated that undergraduate biology students who preferred the flipped classroom liked 
that there was more time in class for discussions and labs.   
3.4.7 Assessment 
3.4.7.1 Assignment Completion 
The format of the flipped classroom also helped students with assignment 
completion.  Smith (2013) reported that 84% of undergraduate chemistry students agreed 
that the videos were helpful in completing their homework.  Arnold-Garza (2014) added 
that 90% of undergraduate students in the flipped classroom library sessions believed that 
the videos were useful in helping to complete research assignments.  Smith (2013) found 
that 71% of undergraduate chemistry students surveyed agreed that the in-class problem 
solving helped them to finish their homework.  Finally, Flynn (2015) noted that 
undergraduate chemistry students in the flipped classroom claimed that the problems 
completed in class better prepared them for their assignments as well as their exams.  
3.4.7.2  Studying and Review 
In the flipped classroom, studying was observed to be easier and more productive.  
Mason et al. (2013) reported that undergraduate mechanical engineering students 
surveyed in the flipped classroom studied more efficiently.  Undergraduate students in the 
flipped classroom believed that studying required less work (Arnold-Garza, 2014; Herold 
et al., 2012).  Herold et al. (2012) reported that 33% of undergraduate software 
engineering students in the flipped classroom crammed less for the final exam because the 
format of the flipped classroom encouraged them to stay caught up throughout the course.   
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The ability to review material easily and efficiently through videos was reported as 
another benefit of the flipped classroom (Amiri et al., 2013; Belfi et al., 2015; Gannod, 2008; 
Hung, 2015; Post et al., 2015; Yong et al., 2015; Yoshida, 2016).  Students in these studies 
spent significantly more time reviewing the material than students not in the flipped 
classroom.   
3.5 Challenges to Flipped Learning  
Twenty-five studies explored the challenges of learning in a flipped classroom.  Seven 
themes emerged including difficulty focusing, video format, inability to ask questions, 
learning preferences, preparation for class, interactions in the classroom, and perceptions 
of workload.  Each of these themes will be discussed in turn.  
3.5.1 Difficulty Focusing 
One concern of undergraduate students in the flipped classroom is that they had 
difficulty focusing on videos watched outside of class in biology (McCleery, 2015), algebra 
(Ogden, 2015), differential equations (Yong et al., 2015) and engineering (Foertsch et al., 
2002; Toto & Nguyen, 2009).  Secondary AP chemistry students also had difficulty focusing 
when viewing the videos outside of class (Schultz et al., 2014).  Finally, Foertsch et al. 
(2002) reported that sixty-four percent of undergraduate engineering students surveyed in 
the flipped classroom felt that the flipped classroom format required more self-discipline 
than the traditional classroom.   
3.5.2 Video Format 
Both the length and pace of videos was a challenge for students in some flipped 
classrooms.  Schultz et al. (2014) indicated that some secondary school AP chemistry 
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students did not like the length of the videos.  Radiology students wanted a rewind button 
during the videos and to fast forward when desired (Belfi et al., 2015).  Finally, Yeung and 
O’Malley (2014) noted that some undergraduate chemistry students in the flipped 
classroom felt that it was hard to follow the videos, due to the fast pace.  
Learning from videos was also a challenge for some students.  Yong et al. (2015) 
noted that some undergraduate students in the flipped classroom were frustrated and 
could not learn differential equations from a video format.  Similarly, Larson and 
Yamamoto (2013) reported that undergraduate students in the flipped classroom 
preferred traditional classroom over video explanations.  Roach (2014) indicated that 
undergraduate microeconomics students did not like that the videos closely resembled real 
lectures and found them to be equally boring.  Finally, Yeung and O’Malley (2014) noted 
that some undergraduate chemistry students in the flipped classroom felt that the videos 
were not as engaging as being in a live lecture.  
3.5.3 Inability to Ask Questions 
Another challenge of the flipped classroom was not being able to ask questions when 
watching videos outside of class.  Undergraduate chemistry (Fautch, 2015; Yeung & 
O’Malley, 2014), nutrition (Gilboy et al., 2015), nursing (Post et al., 2015), calculus 
(McGivney-Burelle & Xue, 2013; Wasserman et al., 2015), and differential equations (Yong 
et al., 2015) students in the flipped classroom did not like that they could not ask questions 
immediately.  Schultz et al. (2014) similarly reported that secondary AP chemistry students 
in the flipped classroom disliked the inability to ask just-in-time questions.  Finally, 
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Foertsch et al. (2002) reported that undergraduate engineering students in the flipped 
classroom missed having the opportunity to ask questions in the middle of the video. 
3.5.4 Learning Preferences  
The flipped classroom format was not a match for all students.  Fautch (2015) 
indicated that undergraduate organic chemistry students felt that the flipped classroom 
format was initially difficult to get used to.  Foertsch et al. (2002) reported that 36% of 
undergraduate engineering students surveyed thought it would be easier to understand the 
material if it was presented in lecture format.  Arnold-Garza (2014) noted that 45% of 
undergraduate students in the flipped classroom preferred having an explanation of key 
concepts in class more than watching videos and participating in activities during class.  
Post et al. (2015) indicated that some undergraduate nursing students in the flipped 
classroom felt that they were guinea pigs being experimented on with a new teaching 
approach, and they did not appreciate the professor’s lack of knowledge on flipping the 
classroom.   
The use of class time in the flipped classroom was also a challenge for some students.  
Kim et al. (2014) noted that undergraduate engineering, humanities and sociology students 
in the flipped classroom wanted more structured guidance and support from their 
instructors during class.  Wasserman et al. (2015) reported that undergraduate calculus 
students in the flipped classroom felt that class time was used less effectively than students 
in the traditional classroom.  Wasserman et al. (2015) also reported that these students felt 
that class time was unproductive because they had to wait for peers who needed to catch 
up or for their instructor if they were having difficulty in class.   
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3.5.5 Preparation for Class 
The flipped classroom was reported to cause anxiety when the participants were not 
properly prepared for class.  Sinouvassane and Nalini (2016) observed that undergraduate 
health science students were more stressed going to a flipped vs. traditional classroom.  
Additionally, Gilboy et al. (2015) noted that undergraduate nutrition students did not like 
when peers did not watch videos and were unprepared for classes that involved active 
learning strategies. 
3.5.6 Interactions in the Classroom 
Two studies reported on the missed social interactions that occurred in the flipped 
classroom (Butt, 2014; Schultz et al., 2014).  In both studies, the students felt that the in-
class lectures were more social than the format of the flipped classroom.  Post et al. (2015) 
reported that some undergraduate nursing students in the flipped classroom believed that 
the format was depersonalized.  Blair et al. (2015) indicated that undergraduate 
engineering students claimed that the traditional classroom was more student-centred 
than the flipped classroom.  McCleery (2015) added that undergraduate biology students 
who did not like discussion groups felt uncomfortable and timid when participating in 
discussions in a flipped classroom.  
Some students also reported having a lack of connection with instructors in a flipped 
classroom.  Post et al. (2015), for example, observed that undergraduate nursing students 
in the flipped classroom felt disconnected from their professors.  Kim et al. (2014) noted 
that undergraduate students in engineering, humanities, and sociology in the flipped 
classroom wanted more support and facilitation from their instructors.   
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3.5.7 Perceptions of Workload 
A final challenge was that some student thought the flipped classroom approach 
increased their workload (Herold et al., 2012; Nwosisi et al., 2016; Post et al., 2015; Smith, 
2013; Tune et al., 2013).  Herold et al. (2012) reported that 22% of undergraduate software 
engineering students in the flipped classroom believed that the flipped format required 
more work than a traditional classroom.  Tune et al. (2013) noted that graduate physiology 
students surveyed in the flipped classroom claimed that their level of effort was not 
reflected in the number of credits they earned. Some students in the flipped classroom 
thought that the reading assignments were too extensive (Sinouvassane & Nalini, 2016), 
overwhelming (Critz & Knight, 2013) and not enjoyable (Butt, 2014).  McCleery (2015) 
added that undergraduate biology students who preferred the traditional lectures noted 
that it was too much work to watch videos before class.   Finally, Critz & Knight (2013) 
reported that 25% of graduate nurse practitioner students surveyed viewed the 
requirements of at-home assignments as too much work.   
3.6 Learning Performance in a Flipped Classroom  
Twenty-eight studies examined how the flipped classroom impacted student learning 
performance.  Students in the flipped classroom outperformed better than their peers in 
the traditional classroom in assignments, pre- and post-tests, exams, final grades failure 
rates.   
McGivney-Burelle and Xue (2013) reported that undergraduate calculus students in 
the flipped classroom performed significantly better on assessments than students in the 
traditional classroom.  Similarly, Mason et al. (2013) noted that undergraduate mechanical 
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engineering students in the flipped classroom performed significantly better on problem 
sets involving design than students in the traditional classroom.  Belfi et al. (2015) 
indicated that radiology students in the flipped classroom achieved significantly higher test 
scores compared to students in the traditional classroom.  Finally, Hung (2015) reported 
that undergraduate ELL students in the flipped classroom earned higher mean scores on 
assessments than those in the traditional classroom.   
Fourteen studies reported that undergraduate students in the flipped classroom 
performed better on exams than students in traditional classrooms in chemistry (Baepler 
et al., 2014; Flynn, 2015; Gross et al., 2015), radiology (Belfi et al., 2015), nursing 
(Missildine et al., 2013), pharmacy (McLaughlin et al., 2014; Pierce & Fox, 2012), 
management (Albert & Beatty, 2014), calculus (McGivney-Burelle & Xue, 2013; Wasserman 
et al., 2015, algebra (Love et al., 2014) and statistics (Wilson, 2013).  Secondary AP 
chemistry students (Schultz et al., 2014), as well as graduate physiology students (Tune et 
al., 2013), also performed better on exams than students in the traditional classroom.  
Wasserman et al. (2015) specifically reported that undergraduate calculus students in the 
flipped classroom performed significantly better on conceptual exam questions than 
students in the traditional classroom.   
The flipped classroom also impacted the final grades that students earned.  Fautch 
(2015) indicated that more undergraduate organic chemistry students in the flipped 
classroom earned a final grade of an A than in the traditional classroom.  Flynn (2015) 
noted that undergraduate chemistry students in the flipped classroom had significantly 
higher grades compared to students in the traditional classroom.  Similarly, Wilson (2013) 
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observed that undergraduate statistics students in the flipped classroom earned final 
grades that were significantly higher than those of their peers in the traditional classroom.  
Finally, Nwosisi et al. (2016) reported that students had a small improvement in final 
grades in the flipped classroom. 
Failure rates were also reported to be lower in the flipped classroom.  Flynn (2015) 
reported that undergraduate chemistry students in the flipped classroom had significantly 
lower failure rates compared to students in the traditional classroom.  Nwosisi et al. (2016) 
noted that fewer general education students in the flipped classroom earned grades D or 
lower compared to students in the traditional classroom.   
However, not all results were positive concerning student learning performance in 
the flipped classroom.  Ten studies reported that there was no significant change in 
student’s assignment scores (Larson & Yamamoto, 2013), pre-test and post-test scores 
(Davies et al., 2013; Guerrero et al., 2013; Brooks, 2014), quiz scores (Yong et al., 2015), 
exam scores (Blair et al., 2015; Galway et al., 2014; McLaughlin et al., 2013), final grades 
(Moraros et al., 2015) or failure rates in the flipped classroom (Blair et al., 2015), when 
compared to the traditional classroom.  Moffett and Mill (2014) reported that post-
graduate veterinary students in the traditional classroom scored higher than students in 
the flipped classroom on knowledge, application, and communications skills. 
3.7 Limitations and Gaps in Previous Research 
There are at least four limitations regarding previous research conducted on flipped 
classrooms.  Firstly, many of the teachers who were involved in using the flipped classroom 
were not ‘experts’ with the flipped classroom - most were first-time “flippers.”   
Experience-level, though, could have a direct impact on the effectiveness of flipped 
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learning.   The impact of flipped learning could be negatively influenced by implications 
challenges experienced by novice flipped classroom teachers. 
Second, most studies on flipped classrooms focus on post-secondary programs.  
Only one study examined the flipped classroom in a secondary school chemistry classroom.  
There is not a representative sample, then, of secondary school use of a flipped classroom 
approach (Schultz et al., 2014).  Factors such as the ability to work independently and 
metacognitive skills could alter the results for high school students. 
Third, in terms of evaluating student performance, only eight studies (Belfi et al., 
2015; Davies et al., 2013; Galway et al., 2014; Guerrero et al., 2013; Pierce & Fox, 2012; 
Wasserman et al., 2015; Brooks, 2014; Yong et al., 2015) used pre- and post-tests.  Using 
pre- and post-test, allows the researcher to compare results using the same group of 
students.   
Finally, questions that were used to ask students about their level of knowledge 
were predominately multiple-choice in format. The type of question asked (knowledge-
based vs. application-based) was only discussed in eight studies (Wilson, 2013; Guerrero et 
al., 2013; Mason et al., 2013; Moffett & Mill, 2014; Nwosisi et al., 2016; Pierce & Fox, 2012; 
Brooks, 2014; Yong et al., 2015).  Question type could be an important factor when 
assessing student performance, especially in an application based subject like chemistry. 
Researchers need to use open-ended questions, so they can adequately assess the 
application of knowledge in the chemistry domain. 
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3.8 Research Questions 
The current study examined the impact of a flipped learning approach on the 
attitudes and learning performance of secondary school students studying grade 11 
chemistry. 
Four key questions were addressed: 
1. What are high school chemistry students’ attitudes towards learning in a 
flipped classroom? 
2. What are the benefits of participating in a flipped classroom approach to 
learning chemistry? 
3. What are the challenges of participating in a flipped classroom approach to 
learning chemistry?  
4. What is the impact of using a flipped classroom on learning performance? 
  





This study was designed with a pragmatic worldview.  According to Creswell (2014), 
pragmatism focuses on investigating and using multiple data collection approaches.  To 
incorporate multiple approaches in the current study, a convergent parallel mixed-
methods approach was pursued (Creswell, 2014).  Quantitative data were collected using a 
Likert attitudinal survey and pre- and post-performance tests.  Qualitative data was 
collected through survey and open-ended focus group questions.  The data were 
triangulated to determine if the multiple data collection approaches converged or diverged.   
4.2 Participants 
Sixty-one grade 11 Chemistry students (21 male, 29 female) between 16 - 17 years 
old volunteered to participate in this study.  Data were collected from three separate Grade 
11 Chemistry classes.  All students reported having access to the internet at school and/or 
home.  The total enrollment of all three classes was 88, resulting in a 57% participation 
rate. 
4.3 Context 
The participants were enrolled in a secondary school with over 1500 students located 
within a large, metropolitan area of over 5 million people.  English as a Second Language 
(ESL) students comprised approximately 38% of the school population, while special 
education students represented about 16% (Cowley & Easton, 2014, p.  28).  The average 
income of families with students at the school was $50,800 (Cowley & Easton, 2014, p.  28).   
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The flipped classroom approach to teaching was introduced to the class using an 
explanatory video.  The students were also shown a video on how to effectively watch a 
video.  Some students were initially resistant to learning through a flipped classroom due 
to previous experiences, but after they learned what a flipped classroom was, how the 
researcher was going to approach the flipped classroom and the rationale for studying the 
flipped classroom, their apprehension was eased.   
The in-class activities varied in nature and included laboratories, inquiry-based 
activities, solving problem sets, modelling solutions for a peer, thought labs, and 
differentiated assignments based on student self-selected abilities.  Many of the activities 
allowed students to work in pairs or small groups.  The instructor circulated the room, 
observing the progress of student learning and assisting when necessary.   
4.4 Video Creation 
The researcher searched for videos that could be used in her classes.  However, the 
researcher could not find any videos that were suitable for a variety of reasons including 
the videos were demonstrating how to problem solve as opposed to introducing theoretical 
concepts, the videos were too long or quite simply, the videos didn’t exist for the concepts 
the researcher needed them for.  As a result, the researcher decided to create her own 
videos using PowerPoint and Camtasia.  The researcher decided to appear in her videos 
and narrate them with her voice because she thought that would make the videos more 
relatable to her students.  The videos were limited to approximately ten minutes in length 
and were uploaded to the researcher’s Google Classroom account for her class to access.   
The videos were created by the researcher to personalize the students’ experience.  
The researcher narrated the videos, included her face, and attempted to keep the length to 
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a maximum of ten minutes.  The researcher wanted the students to have a similar 
experience to a typical lecture.   
The TedEd platform was chosen to deliver the videos because of the ability to ask 
follow-up questions and start a discussion.  Students were asked to complete the follow-up 
questions to assess their understanding of content and allow the teacher to assess their 
level of understanding.  The TedEd link was shared with students through Google 
Classroom.  Students were provided with a link to the video and questions several days 
prior to engaging with the content in class.   
 
 
4.5 Data Collection Tools 
4.5.1 Overview  
Four sources of data were collected in this study including Likert survey questions, 
open-ended questions, pre- and post-tests, and focus group data.  The Likert questions 
provided an overview of student’s attitudes about their learning environment, learning 
preferences and availability of resources.  The open-ended survey questions allowed 
students to provide additional information about what they liked and disliked about 
learning through a flipped classroom approach to teaching.  The pre- and post-tests 
provided a measure of student’s knowledge before and after the use of the flipped 
classroom approach to teaching.  Finally, the focus group offered data on the overall 
impressions of the flipped classroom.  Table 1 gives a summary of the data collection tools 
used to answer each of the four research questions.   
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Table 1 - Overview of Data Collection Tools 
Research Question Data Collected 
1. What are high school chemistry 
students’ attitudes towards learning 
in a flipped classroom? 
 Attitudinal Behaviour Survey (Appendix C) 
 Open-Ended Questions (Appendix C) 
 Focus Group Questions (Appendix F) 
2. What are the benefits of using a 
flipped classroom approach to 
learning chemistry? 
 Attitudinal Behaviour Survey (Appendix C) 
 Open-Ended Questions (Appendix C) 
 Focus Group Questions (Appendix F) 
3. What are the challenges of using a 
flipped classroom approach to 
learning chemistry? 
 Attitudinal Behaviour Survey (Appendix C) 
 Open-Ended Questions (Appendix C) 
 Focus Group Questions (Appendix F) 
4. What is the impact of a flipped 
classroom on learning performance? 
 Two Pre- and Post-Tests (Appendix D & E) 
 Higher Order Problems (Appendix D & E) 
   
4.5.2 Survey Data 
4.5.2.1 Attitudinal Behaviour Survey 
A Likert scale, consisting of nine, 7-point items and two 5-point items, was used to 
measure student attitudes with respect to their learning environment (items 1 to 3), 
understanding of materials (item 4), availability of resources (items 5 to 7) and learning 
preferences (items 8 to 11) for the flipped learning environments (Appendix C).  In 
addition, two open-ended questions focusing on what students liked about the unit (item 
12) and suggestions for improvement on teaching methods (item 13) were used to assess 
student attitudes for the traditional and flipped learning environments (Appendix C).   
4.5.3 Pre- and Post-Tests on Chemistry Knowledge 
Participants completed identical pre- and post-tests for units in which the flipped 
classroom approach occurred (total of two pre- and post-tests) (Appendices D & E).  The 
pre- and post-tests for each method of teaching were created by the classroom 
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teacher/researcher and identical.  Both of the pre- and post-tests were reviewed by two 
other chemistry teachers, ensuring that the tests were fair and assessed a variety of 
learning skills, including knowledge and application-based questions.  See Table 2 for a 
detailed list of the topics covered on each of the pre- and post-tests.   
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Table 2 - Pre- and Post-Tests Used to Measure Chemistry Knowledge 
Unit Topics 
Matter, Chemical 
Trends & Chemical 
Bonding 
 Bonding (3 questions) (Appendix D) 
 Polarity (2 questions) (Appendix D) 




 Mole Conversions (4 questions) (Appendix E) 
 Percentage Composition (1 question) (Appendix E) 
 Empirical & Molecular Formulas (2 questions) 
(Appendix E) 
 
4.5.4 Interview Data 
4.5.4.1 Focus Group 
At the completion of the study, ten participants volunteered to participate in a 45-
minute focus group, led by a colleague of the researcher.  The 11 questions, developed by 
the teacher/researcher, were open-ended questions on the following topics: learning 
preferences, videos, group work, workload, pacing, learning environment, individual 
assistance, ease of learning and future use of the flipped classroom (Appendix F).  The 
entire 45-minute session was recorded on an audio recorder so that the researcher could 
transcribe and analyze the data later.   
4.6 Procedure 
4.6.1 Overview 
Table 3 provides the details and approximate timing for each measurement tool used 
in the study.  Each measurement tool will be discussed in turn.   
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Table 3 - Timeline of Delivery of Measurement Tools Used to Collect Data  
Date Unit Measurement Tool 
Mid Sept.  2015 1 Pre-test1 
End Sept.  2015 1 Post-test1 
End Sept.  2015 1 Attitudinal Behaviour Survey 
Mid Oct.  2015 3 Pre-test2 
End Oct.  2015 3 Post-test2 
End Oct.  2015 3 Attitudinal Behaviour Survey 
End Nov.  2015  Focus Group 
2 Pre- and post-test on bonding, polarity and intermolecular forces (see Appendix D) 
3 Pre- and post-test on the mole, molar mass, percentage composition and empirical & 
molecular formulas (see Appendix E) 
 
4.6.2 Consent 
A letter of information and permission was first given to the Principal of the school in 
which the study was taking place (Appendix A).  The letter outlined the purpose of the 
study, the requirements of the participants, the risks of participation in the study, and the 
procedure for withdrawal, should it be necessary.  The Principal gave his approval, so the 
next phase of the study continued.   
Parental consent/participant assent forms were sent home with all students in the 
three participating chemistry classes (Appendix B).  The consent form described the 
purpose of the study, the time commitments from the participants, the risks of 
participation in the study, and that participation in the study was voluntary and in no way 
impacted their grades earned in the course.  Furthermore, students could withdraw at any 
point, with no penalty.  All responses to the surveys and the focus group would be 
confidential.  Only students who had parental consent participated in the study.  Fifty-
seven percent of students returned their consent forms; however, inconsistent attendance 
and the participants desire to complete the surveys on any given day, resulting in varying 
participation rates for each of the chemistry units taught.    
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4.6.3 Data Collection 
4.6.3.1 Chemistry Knowledge Tests 
The participants completed a pre-test at the start of each part of the unit taught and a 
post-test (exact same questions) at the end of each unit, approximately 2 weeks later 
(Appendices D & E).  These tests were developed by the teacher/researcher and were 
delivered by colleagues of the researcher, to ensure that the participants remained 
anonymous.  Both pre- and post-tests were complete using  Survey Monkey and 
administered on iPads.  Each test took approximately 10 minutes to complete.   
4.6.3.2 Attitudinal Behaviour Survey 
After the flipped classroom teaching method was used for about 2 weeks, participants 
also completed the Attitudinal Behaviour Survey (Appendix C).  This survey was developed 
by the teacher/researcher and delivered by colleagues of the researcher, to ensure 
anonymity for the participants.  This survey was administered twice  over the course of the 
study, on Survey Monkey using iPads.  Each survey took approximately 10 minutes to 
complete. 
4.6.3.3 Focus Group  
At the end of the study, ten students volunteered to participate in a 45-minute focus 
group.  This group was facilitated by a colleague of the researcher.  Students were asked 11 
open-ended questions (Appendix F) about their impressions of the classroom approach.  
The participants’ responses were documented using an audio recorder.   
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4.7 Data Analysis 
A summary of the data collection analyses used to address each research question is 
provided in Table 4. 
Table 4 - Overview of Data Collection Analyses  




Data Analysis Conducted 
1. What are high school 
chemistry students’ 
attitudes towards 





 Descriptive & Frequency Analysis 
 Open-ended 
questions 
 Focus group 
 Coding scheme to categorize 
student comments 
 Number of comments  
 Sample comments 
2. What are the benefits of 
using a flipped 




 Focus group 
 Coding scheme to categorize 
student comments 
 Number of comments  
 Sample comments 
3. What are the challenges 
of using a flipped 




 Focus group 
 Coding scheme to categorize 
student comments 
 Number of comments  
 Sample comments 
4. What is the impact of a 
flipped classroom on 
high school chemistry 
student learning 
performance? 
 Pre vs. Post 
Tests 
 Descriptive & Frequency Analysis 









This study examined four research questions: 
1. What are high school chemistry students’ attitudes towards learning in a flipped 
classroom? 
2. What are the benefits of participating in a flipped classroom approach to learning 
chemistry? 
3. What are the challenges of participating in a flipped classroom approach to learning 
chemistry?  
4. What is the impact of using a flipped classroom on learning performance? 
The results for each of these questions will be discussed in turn.  
5.2 Students’ Attitudes Towards Learning in a Flipped Classroom 
5.2.1 Survey Data 
The Attitudinal Behaviour Survey (Appendix C) data examined the flipped classroom 
with respect to four constructs: learning environment, understanding, availability of 
resources, and the learning effectiveness.  When reporting on the learning environment, 
over 80% of students agreed that the flipped classroom was effective (Table 5).  When 
asked about the pace of the flipped classroom, 50% (n= 31) felt that the pace was just right.  
Approximately 45% (n= 28) of the participants believed the pace was fast, while three 
percent (n= 2) of students felt the pace was too fast.  Only two percent (n= 1) of students 
reported that the pace of the flipped classroom was too slow.  Eighty-eight percent (n= 55) 
of students felt that the amount of work assigned outside of class was appropriate.  Eight 
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percent (n= 5) of students reported the workload was too much and approximately four 
percent (n = 2) of students reported that the workload was too little and far too little.  In 
terms of understanding, almost 90% of students surveyed reported that they understood 
the material.  Most students (75% to 85%) agreed that resources were available to them, 
including individual assistance from their teacher and having their questions answered 
when they did not understand a concept.  Lastly, under learning effectiveness, almost 90% 
of students agreed that they could solve problems on their own and 70% agreed that the 
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Table 5 – High School Chemistry Students' Percent Agreements & Mean Attitudes Toward Flipped Teaching Method  
(n=61 for 2 surveys) 
 Item Disagree1 Agree2 Mean3 SD 
Learning Environment 
1. The learning environment inside the class for this unit was effective for me. 11% 82% 5.2 (1.1) 
Understanding 
2. I understand the material covered in this unit. 10% 87% 5.3 (1.1) 
Availability of Resources 
3. I have enough resources to review the material covered in this unit.  11% 86% 5.3 (1.1) 
4. I have received the individual assistance I need from my teacher for this unit.  11% 74% 5.2 (1.4) 
5. When I don’t understand something, my questions have been answered for this 
unit.  
6% 82% 5.5 (1.1) 
Effectiveness of Learning 
6. I learn effectively when I solve problems  
on my own with the teacher around to help me with any difficulties.  
11% 86% 5.6 (1.3) 
7. I found this unit to be engaging.  8% 71% 5.1 (1.2) 
1 Includes Somewhat Disagree, Disagree and Strongly Disagree  
2 Includes Somewhat Agree, Agree and Strongly Agree 
3 Seven-point Likert Scale (1-Strongly Disagree to 7-Strongly Agree) except when noted 
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5.2.2 Open-Ended Questions 
Three themes emerged from student comments (n=19) on the flipped classroom: 
general impressions (n=10), content taught (n=7) using a new approach (n=2).  Regarding 
general impressions of the flipped classroom, four students had neutral comments (e.g., “I 
don’t know”) and six students offered positive comments (“I liked the flipped classroom”).  
Content taught was commented on by seven students. There were three positive comments 
about the content taught in the flipped classroom (e.g., “I liked learning how the polar 
covalent bonds work”).  One negative comment about content was offered (e.g., “I did not 
really like this unit”). Finally, with respect to experiencing a new approach to learning, one 
student said, “It’s a new approach for me to learn lessons using videos.  I’ve enjoyed it”.   
5.2.3 Focus Group Data  
Three themes emerged from the focus group regarding student attitudes about the 
flipped classroom: impact of videos on their learning, preference of using videos, and the 
convenience of watching videos.  Regarding the impact of videos on learning (n=7), four 
students noted that the videos made it easier for them to learn ahead of time and then have 
enough time to ask their questions in class.  For example, one student said 
 “It was good because we could still return to class and ask questions instead of 
teaching, we can go home and listen, and then tomorrow we can ask questions 
of the teacher.”   
 
With respect to preference for using videos, two students mentioned that learning through 
videos was their preference.  One student noted,  
“It was actually good for me because I personally learn by just listening. I can’t 
really learn anything if I’m studying for a test and I just start reading my notes. 
I’d rather just go back and watch the videos again and that way I actually learn 
better.”  




Finally, regarding the convenience of using videos, two students noted that watching the 
videos to help them catch up when they are absent.  One student stated,  
“It’s helped for me because I was gone from school for a fairly long time and I 
missed quite a bit of stuff so being able to have that flipped classroom thankfully 
was during the flipped classroom unit, when I got back I just asked for what did 
I miss and she said this is going to be on Google Classroom so just go there, watch 
the videos, if you have any questions just ask me. So that really helped.”  
 
5.3 Benefits of Learning Chemistry in the Flipped Classroom 
5.3.1 Open-Ended Questions 
The answers to the open-ended questions were organized to compare what students 
liked about the flipped classroom in terms of the learning environment, understanding, 
availability of resources, and the effectiveness of learning. 
Just over half (n=23) of the comments about flipped learning focused on the 
learning environment.  Students liked the videos, in-class learning activities, and the pace. 
Approximately 35% (n=18) of the comments targeted understanding of the subject matter.  
Six percent (n=3) of the comments focused on the availability of resources and specifically 
asking the teacher for help during class.  Regarding, learning effectiveness, students 
appreciated being able to re-watch videos, the clarity of the video content, and having 
enough time to review in-depth.    
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Table 6 – High School Chemistry Students': What they Liked in the Flipped Classroom  
Category Sample Comments 
Learning Environment (n=23) 
Teaching Methods (n=20) “I liked the videos.”  
“The activities helped strengthen understanding.” 
“I liked seeing the content of the unit once before trying to 
understand it. Then I liked having it explained again 
afterwards in class.” 
“The videos are very effective.”  
Pace (n=3) “It was taught at a good pace.”  
Understanding & Learning Effectiveness (n=18) 
Review (n=8) “I liked that if I needed, I could re-watch videos.”  
“Enough review time was given so that each concept could 
be fully understood.” 
Easy/Clear (n=4) “It was very clear.” 
“It was very straightforward, so I was able to understand 
better.”  
Collaboration (n=3) “I liked the group work and labs that we did.” 
Understanding (n = 2) “It was a great review from last year.” 
Depth (n=1) “The more science gets detailed, the more I understand life.”  
Availability of Resources (n=3) 
Questions (n=3) “I thought there was ample time to ask questions.”  
 
5.3.2 Focus Group  
Two themes emerged regarding the benefits of the flipped classroom.  The first 
theme, learning environment, included the effectiveness of the teaching method, pace, 
workload.  The second theme, understanding, included the depth of student learning, 
student ability to review the material, and student opportunities to collaborate with their 
peers.   
5.3.2.1 Learning Environment 
The effectiveness of the teaching methods employed in the flipped classroom, the 
pace of the class, and the workload were noted by participants in the focus group.  Students 
  58 
 
 
commented on their enjoyment of the teaching methods employed in the flipped classroom 
(n=2).  As one student said,  
“…you have the whole period to ask questions once you get down to the hard 
stuff which is usually at the end of questions [and] she is there to help you with 
them, and I think that is really good, really convenient.”   
 
The videos made learning easier because the teacher clearly outlined what was 
important, which made it easier to make notes (n=4).  One student remarked,  
“It was easy to make the notes because it was just laid out in front of you and 
she explained each point.” Another comment was that “… she also put diagrams. 
So, if you didn’t understand from her explaining it, you could look at a visual 
picture. And she would give you examples, so that was really helpful.”  
 
The learning environment of the flipped classroom was preferred to the traditional 
method of teaching because it made it easier to learn (n=2).  One student commented,  
“I feel the flipped classroom environment was much better because when you are  
watching the video, you have the resources and the internet at your disposal and in  
chemistry there are a lot of things that you must know so if you didn’t know a  
word, or a sentence you could just go on the internet, find out information about what  
she said … which was very helpful to [my] learning.”  
 
The ability to control the pace of their learning also seemed to be an important 
benefit to students in the flipped classroom.  One student stated,  
“If you needed to, you could pause the video … it’s convenient to be able to stop 
the video, go to the bathroom, do whatever you need to do, come back relaxed 
and you know for a fact that you haven’t missed anything and if you need a 
refresher, you can even just rewind it a little bit.”  When specifically asked what 
students thought of the pace of the flipped classroom, two students (out of four) 
thought that the pace was just right.  One student stated, “I feel the pace was just 
right because you usually had 2 days to watch a 10 – 15-minute video and up 
until then you were doing content from a previous chapter so if you watched 
the videos it should have been more than enough time to keep the pace going.” 
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When asked if students felt that the workload in the flipped classroom was 
appropriate, three students felt that the workload was lighter in the flipped classroom.  One 
student said,  
“[The teacher] would also say that if you felt very confident with certain types 
of questions then you don’t have to do as many of those and you can focus on 
the ones you don’t know. So, she gave us a choice of which homework we 
wanted to do so it would benefit us the most, so that was good.”  
 
However, another student felt there was no difference in workload between the flipped and 
traditional classrooms.  They commented,  
“Between the traditional classroom and the flipped classroom, I don’t think 
there was a difference in the amount of homework that we got because it was 
still the same teacher; she still has the same style of teaching but the only thing 
that was different was since we watched the video at home, we didn’t do as 
much lecturing. We did more homework type things in class, so we had time to 
ask her in class, rather than going home and getting stuck and not knowing what 
to do anymore.”  
 
5.3.2.2 Understanding 
The broad theme of understanding includes the depth of student learning, student 
ability to review the material, and student opportunities to collaborate with their peers.  
One student commented that the follow-up questions after each video contributed to a 
deeper understanding of the content by saying,  
“At the end of the video there [are] 4 questions and that shows how practical the 
lesson could be; to apply knowledge directly.”   
 
The experience of working in groups also supported a deeper understanding for students. 
One student noted,  
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“What I liked was usually in a group I got asked all the questions and just 
explaining to your group mates what you know can sometimes help you, and 
they can even help you discover things you didn’t know. If they asked a question 
you could think about it ‘why is it like that?’ and then you solve it, you get it, and 
then you communicate the answer which I think is a great feature to have.” 
 
The ability to review for exams was also discussed (n=1).  One student claimed,  
“I feel for when exams come up; it is going to be really easy because I’m 99% 
sure that during exam (period) we can actually re-watch the videos. So just 
doing that, before we start studying from the textbook, maybe just watching the 
video to get your mind into the mindset of chemistry.” 
 
 Students appreciated the opportunity to collaborate in groups with their peers 
(n=3).  One student commented using the strengths of different members of the group,  
“It’s good because a lot of the times, not everyone is going to understand 
everything: maybe person A understands this, but person B does not 
understand that but understands something else, so it works together. You 
basically teach each other and work together as a team.” 
 
Another student mentioned the convenience of having other people to ask for help,  
“If [the teacher] was busy, I could just ask one of my group members, and they 
could just explain it to me instead of me having to wait until they are done and 
then I might forget my question.” 
 
5.4 Challenges of Learning Chemistry in the Flipped Classroom  
5.4.1 Open-Ended Questions 
The answers to the open-ended questions illustrated challenges in the flipped 
classroom with respect to the learning environment, understanding, and the effectiveness 
of learning. 
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In Table 7, student comments on the improvements needed in the flipped classroom 
are discussed.  Approximately 40% (n=18) of student comments were centred on the 
learning environment including the teaching methods, pace and environment.  Forty 
percent (n=17) of student comments were about the depth of understanding, difficulty of 
the material, and wanting more review and less collaboration with peers.  Just over 10% 
(n=6) of comments were about the effectiveness of learning including wanting, more 
engaging lessons and the difficulty of focusing on the videos.  Approximately 10% (n=5) of 
comments focused on the availability of resources and indicated that students wanted 
more time to ask questions.  
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Table 7 – High School Chemistry Students': Improvements in the Flipped Classroom  
Category Sample Comments 
Learning Environment (n=18) 
Teaching Methods (n=11) “More lectures and notes than videos.”  
“More videos.” 
“More practice questions.” 
“More handouts.”  
Pace (n=6) “She can teach a little slower.”  
“Maybe the teacher can move at a bit of a slower pace, so I 
can copy and understand what the teacher is explaining.” 
“A bit too fast.”  
Environment (n=1) “Higher volume [for videos] please”. 
Understanding (n=17) 
Depth (n=9) “Have way more examples.” 
“Be more detailed in explaining the exceptions in bonding 
and the research behind those exceptions.” 
“Do more application type questions in class”.  
Hard/Confusing (n=4) “I had problems understanding some things in this unit.”  
“Since we learned something completely new this unit, it 
would be better if the content was more thoroughly 
explained in the class afterwards.” 
Review (n=3) “Give us more review to do.”  
Collaboration (n=1) “Less group activities”.  
Effectiveness of Learning (n=6) 
Assessment (n=4) “Give more practice questions that could be on a test.”  
“Better review for tests and quizzes.” 
Engagement (n=1) “[Have] more engaging classes”. 
Focus (n=1) “The videos don't really catch my attention, so I have a 
tendency to zone out or not really pay attention.” 
Availability of Resources (n=5) 
Questions (n=5) “[Have] some time at the end of the class to ask questions.” 
“More time for one on one help.” 
“… I cannot ask a question right away when I have 
something that I don't understand”. 
 
5.4.2 Focus Group  
Three broad themes emerged regarding challenges that students experienced in the 
flipped classroom.  The first, learning environment, included the appropriateness of the 
method, the educational quality of the videos, and the pace of the flipped classroom.  The 
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second theme, availability of resources, included the questions students had while 
watching a video, and the individual assistance they received in class.  The final theme was 
the effectiveness of learning.   
5.4.2.1 Learning Environment 
The learning environment included the appropriateness of the method, the 
educational quality of the videos and the pace of the flipped classroom.  Not all students felt 
that the flipped classroom was appropriate for all types of learning.  For example, some 
students felt that the flipped classroom was better for memorizing facts but not for the 
math-based questions.  One student (out of five) elaborated,  
“I wouldn’t really say it is something I didn’t like, but I didn’t think the flipped 
classroom was that effective on units that were like stoichiometry where we 
just did a lot of math work, and you had to be in class with her to show you how 
to go through each step. It was really effective with the periodic trends unit 
because that one was just a bunch of facts and it wasn’t really effective with the 
stoichiometry unit.”   
 
Another student mentioned that they wanted to participate immediately after 
watching videos, as they would be able to do in a traditional classroom.  As they put 
it,  
“I like to contribute to class. So basically when [the teacher] speaks to the class, 
I would like to contribute, and I would like to talk, and I didn’t have that 
opportunity with the videos. I like when the whole class is in conversation, but 
in the videos, we couldn’t do that.” 
 
One student commented on the limited educational quality of the videos,  
“Sometimes when you are watching the videos, they weren’t really as clear as 
they could be. You couldn’t understand just by watching it. That’s the only thing 
I didn’t like, the quality of the flipped classroom is based on the quality of the 
videos.”  
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The pace of the flipped classroom was also an issue for two students (out of four).  One 
student shared,  
“I remember in stoichiometry we got a question on hydrates and definite 
proportions and hydrates and everything in the video at one time. Then when 
we came to class we’d take each part separately so I thought that was in a way 
good because we already had all the notes and we would take each part 
separately so we’d understand each part separately but at the same time it was 
a little bit confusing because you’d get all the knowledge about the steps you are 
supposed to do to answer the question in the video, but then when you do it in 
class it’s way after you did it in the video so you kind of forget all that stuff and 
it doesn’t really make sense anymore.” 
 
5.4.2.2 Availability of Resources 
The second theme was the availability of resources which included the questions 
students had while watching a video and the individual assistance they received in class.  
One student felt that there was an overwhelming number of questions after watching a 
video.  They stated,  
“I think the point of the flipped classroom is that you can write down your 
questions and ask your teacher whenever you have time in class but there was 
so much information in one single video that there [were] so many questions 
and so much confusion that I couldn’t really write them down and ask the 
teacher so I wouldn’t be that confident with the unit because there was so much 
information in just one single video.”  
 
5.4.2.3 Effectiveness of Learning 
The difficulty of focusing on the videos was mentioned by three students.  As one 
student noted,  
“I’m not really good with videos or studying with videos. I cannot search a 
YouTube video for what I want to learn, I have to be in class. I get tired really 
fast. So even if the video is 15 minutes, I get tired, and I cannot listen; after 10 
minutes I cannot concentrate anymore, I can’t concentrate for the remaining 5 
minutes.”  Another student said, “A lot of times in the videos it was just a still 
image that wasn’t changing so you can only stare at that for so long before you 
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get bored out of your mind and I found that I would look at something else … I 
think they needed to have more dynamic elements or things to look at.”   
 
 
5.5 Impact of Flipped Classroom on Learning Performance 
5.5.1 Pre- and Post-Tests 
Learning performance in the flipped classroom was examined by comparing pre- and 
post-test results.  In Table 8, the pre- and post-test results in the flipped classroom are 
shown according to the type of question (total score, knowledge-based or application-
based questions).  The post-test results are significantly higher than the pre-test results in 
all cases except for the application-based question in the mole half unit.  
Table 8 – Pre- vs. Post-Test Results of Chemistry Knowledge in the Flipped Classroom  







Bonding, Polarity & Properties 
Total Score 2.05 (1.45) 5.06 (1.70) - 8.08 * -1.91 
Knowledge 1.87 (1.30) 3.94 (1.18) - 7.06 * -1.67 
Application 0.18 (0.39) 1.15 (0.82) - 6.23 * -1.51 
Mole, Percentage Composition and Formulas 
Total Score 1.13 (0.92) 3.03 (1.51) - 6.05 * -1.52 
Knowledge 0.97 (0.75) 2.66 (1.28) - 6.39 * -1.61 
Application 0.16 (0.37) 0.38 (0.55) - 1.80  -0.47 












This study looked at the impact of a flipped learning approach on the attitudes and 
learning performance of secondary school students studying grade 11 chemistry. 
Four key questions were addressed: 
1. What are high school chemistry students’ attitudes towards learning in a 
flipped classroom? 
2. What are the benefits of participating in a flipped classroom approach to 
learning chemistry? 
3. What are the challenges of participating in a flipped classroom approach to 
learning chemistry?  
4. What is the impact of using a flipped classroom on learning performance? 
 
6.2 Student Attitudes Towards Flipped Classroom 
Three key themes emerged from studying student attitudes: videos, pedagogy, and 
the learning environment of the flipped classroom.  Each of these will be discussed in turn.  
6.2.1 Videos 
The use of videos did not surface in the Likert or open-ended questions; however, 
they were discussed in the focus group.  Over half of the students in the focus group 
remarked that the videos used in the flipped classroom made it easier for them to learn.  
This finding is consistent with a number of previous studies reporting that videos 
enhanced student learning (Enfield, 2013; Foertsch et al., 2002; Franciskowicz, 2008; Hung, 
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2015; Love et al., 2014; McGivney-Burelle & Xue, 2013; McLaughlin et al., 2014; Smith, 
2013; Teo et al., 2014).  In addition, students in the focus group noted that they liked 
having time, after watching videos, to think of questions to ask in class.  McGivney-Burelle 
& Xue (2013) reported that undergraduate calculus students also enjoyed having more 
time to ask questions in the flipped classroom.  Furthermore, half of the students in the 
focus group liked the convenience of watching videos whenever they wanted.  This 
observation is consistent with the results reported by Foertsch et al. (2002) for 
undergraduate engineering students.  Finally, just over half the focus group responses 
indicated that students preferred the use of videos over the traditional classroom lecture.  
This finding is consistent with the results reported by Gilboy et al. (2015) for 
undergraduate nutrition students.   
In summary, the focus group data provided evidence that some secondary school 
chemistry students thought that the use of videos helped them learn, ask relevant 
questions in class, and offered flexibility in terms of when they learned.  The advantages of 
videos observed for higher education students in previous research studies may apply to 
younger, high school students.  Because these findings are based on a small sample of 
students, future research needs to determine whether these results are generalizable, 
perhaps through the delivery of a Likert-scale questionnaire to a larger population.  
Additionally, qualitative research needs to be conducted, perhaps in the form of interviews, 
to better understand secondary students who did not find videos particularly useful. 
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6.2.2  Pedagogy  
With respect to pedagogy, four issues arose: understanding of chemistry, pace of 
learning, the need for more supports, and the flipped classroom teaching method not being 
a good match for all students.  In the open-ended and focus group questions, students 
commented on the pedagogy used in the flipped classroom.  Specifically, over half of the 
open-ended comments about what students enjoyed in the flipped classroom focused on 
how the in-class activities helped to strengthen their understanding of chemistry.  
Approximately one-fifth of students in the focus group also commented on how the flipped 
classroom approach improved the learning process.  These results align with the research 
reported by a number of previous studies involving undergraduate students  (Belfi et al., 
2015; Butt, 2014; Critz & Knight, 2013; Frydenberg, 2013; Galway et al., 2014; Gilboy et al., 
2015; Lage et al., 2000; Mason et al., 2013; McCleery, 2015; McLaughlin et al., 2013; 
Moraros et al., 2015; Tune et al., 2013; Yeung & O’Malley, 2014).    
Based on the Likert scale, open-ended questions and focus group data, several 
students commented that the pace of videos was appropriate for learning.  This finding is 
consistent with the results reported by numerous studies of undergraduate students (Belfi 
et al., 2015; Foertsch et al., 2002; Franciskowicz, 2008; Gilboy et al., 2015; Guerrero et al., 
2013; Hung, 2015; Larson & Yamamoto, 2013; Love et al., 2015; Mason et al., 2013; 
McCleery, 2015; McGivney-Burelle & Xue, 2013; McLaughlin et al., 2014; Mok, 2014; Ogden, 
2015; Pierce & Fox, 2012; Post et al., 2015; Roach, 2014; Schultz et al., 2014; Sinouvassane 
& Nalini, 2016; Tawfik & Lilly, 2015; Teo et al., 2014; Tune et al., 2013; Yeung & O’Malley, 
2014; Yong et al., 2015; Yoshida, 2016).  This result may not be surprising given that 
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students could control the pace of learning by slowing down a video or using the pause and 
stop buttons.   However, 10% of students noted that the pace of the videos in the flipped 
classroom was too fast.  This result is consistent with the results reported on by Yeung and 
O’Malley (2014).  It is important, then, to consider individual differences among students 
with any teaching approach.  In this case, students with lower ability levels may have 
struggled more than students with higher ability levels.  More in-depth research, perhaps 
in the form of interviews or think-aloud protocols, needs to be conducted on how students 
watch videos and why the pace is a concern for some students and not others. 
Approximately one-quarter of student comments in the open-ended questions 
reported that they would like to see more supports used in the flipped classroom, 
specifically in the form of handouts.  The research conducted by Kim et al. (2014) with 
undergraduate engineering, sociology and humanities students supports this finding.  
Future research could specifically ask students whether they had enough support to be 
successful in the flipped classroom and, if not, what other materials would they need.  This 
type of research could be conducted in the form of interview questions.  
The format of the flipped classroom was not ideal for all students.   One reason for 
possible resistance could be that some students were not accustomed to the format. 
However, in this study students learned through the flipped classroom on two separate 
occasions for over six weeks.  It is also possible that because the students were relatively 
young, they were not yet ready to take responsibility for their own learning and would 
prefer more structure from their teacher.  Future research with secondary students could 
investigate barriers by individually interviewing students and asking them specifically 
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what are the challenges to learning in a flipped classroom and why?  This type of research 
would be necessary to generalize the results.  
6.2.3 Learning Environment  
The theme of learning environment in the flipped classroom was examined in the 
Likert questions and the focus group but did not appear in the open-ended questions.  It 
was reported that students felt that the overall classroom environment in flipped learning 
was effective.  Several previous studies (Baepler et al., 2014; Frydenberg, 2013; Kim et al., 
2015; Love et al., 2015) in higher education environments have suggested that students 
enjoy that the flipped classroom was more relaxed, open, flexible and personal.  In the 
current study, though, it is unclear what effective meant to secondary school students.  The 
Likert questions may have been too general.  Future research should ask more in-depth, 
open-ended, interview questions to explore the learning environment of flipped classroom 
learning environments.  
6.3 Benefits of Flipped Classroom 
In this study, three reported benefits of learning in the flipped classroom were 
identified: ease of learning, increased engagement with subject material, and increased 
collaboration with peers. 
6.3.1 Learning  
Based on all three forms of data collected, students noted an increased basic 
understanding and a deeper comprehension of chemistry concepts when a flipped 
classroom approach was used.  Secondary school students’ enhanced understanding of 
subject matter is consistent with the results reported by several previous studies of 
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undergraduate students participating in flipped classrooms (Arnold-Garza, 2014; Baepler 
et al., 2014; Butt, 2014; Fautch, 2015; Larson & Yamamoto, 2013; Love et al., 2015).  More 
in-depth understanding of course materials may have been supported by students being 
able to ask questions while working on problems during class time.  Several studies 
reported that students appreciated the ability to have their questions answered during 
class (Arnold-Garza, 2014; Butt, 2014; Gannod, 2008).  The immediate feedback from the 
teacher could lead to fewer misconceptions and an accurate understanding of the many 
technicalities of the conceptually-difficult chemistry course.  Future research might include 
student interviews to ask what specifically contributed to their deeper understanding of 
course materials in the flipped classroom.   
6.3.2 Engagement 
Based on the Likert scale data, overall, secondary school students agreed that the 
material taught in the flipped classroom was engaging.  However, it is not clear whether the 
videos, the in-class activities or a combination of the two contributed to increased 
engagement.  Several previous studies in higher education reported that the videos in the 
flipped classroom were important (Enfield, 2013; Franciszkowicz, 2008; McCleery, 2015; 
McLaughlin et al., 2013).  Other studies focusing on undergraduate students noted that the 
in-class, flipped classroom activities were influential (e.g., Baepler et al., 2014; Fautch, 
2015; Franciszkowicz, 2008; Smith, 2013).  Future research needs to examine the source 
and reasons for engagement in more depth, perhaps through interview questions or 
classroom observations. 
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6.3.3 Collaboration with Peers 
Students enjoyed the ability to collaborate with their peers in the flipped classroom, 
based on the open-ended and focus group data.  This result aligns with those reported by 
numerous studies of undergraduate students (Foertsch et al., 2002; Frydenberg, 2013; 
Galway et al., 2014; Hung, 2015; Kim et al., 2014; Lage et al., 2000; Love et al., 2015; Schultz 
et al., 2014; Sinouvassane & Nalini, 2016; Smith, 2013; Strayer, 2012).  Students may have 
appreciated collaboration because they were able to rely on group members to obtain a 
more complete understanding of concepts.  Furthermore, peers can be useful to answer 
questions especially when the teacher is occupied with another student.  Finally, some 
students may enjoy the social aspects of working in a group to solve a problem.  Because of 
the small sample size of this study, further research is needed to establish the 
generalizability of these results within and beyond the subject of chemistry.  For example, a 
survey (including open-ended questions) could be developed and administered to a larger 
population, to explore specific reasons for why collaboration is beneficial in a flipped 
classroom  
6.4 Challenges of Flipped Classroom 
Students identified four challenges to learning in the flipped classroom: the learning 
environment, their depth of understanding, the effectiveness of their learning and finally 
the availability of resources.  Each of these will be discussed in turn.  
6.4.1 Learning Environment 
Based on the open-ended questions and the focus group data, students in the flipped 
classroom felt that the format was not always appropriate for all content in chemistry, 
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specifically application-based content.  Some students felt that knowledge-based content 
was more suitable for the flipped classroom.  The students also noted that the pace of 
learning was occasionally too fast.  It is interesting to note that these results have not been 
reported by previous studies.  Perhaps students in other studies had larger concerns 
because their instructors were not as experienced teaching in the flipped classroom format 
and so these minor details were not discussed.  Future research should focus on comparing 
the types of content (application-based vs. knowledge-based) as well as the pace of 
learning, to determine if these factors have an impact on student learning.    
6.4.2 Understanding 
According to open-ended questions and the focus group data, some students 
expressed a desire for more examples and review in the flipped classroom.  Previous 
research shows the opposite of this finding – higher education students reported an 
increased workload in the flipped classroom (Critz & Knight, 2013; Herold et al., 2012; 
McCleery, 2015; Nwosisi et al., 2016; Post et al., 2015; Sinouvassane & Nalini, 2016; Smith, 
2013; Tune et al., 2013).  This discrepancy could be because the workload in a grade 11 
chemistry course is lighter than in a post-secondary course.  It is of interest to note that 
students were given more examples and review questions in the flipped classroom than a 
traditional classroom, due to the in-class activities used.  Students’ perceptions of their 
review may be due to a discomfort with the flipped classroom format and so they may have 
been apprehensive to change how they learn in a flipped environment.  Future research 
should examine if students felt sufficiently prepared by the review and examples provided.      
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6.4.3 Effectiveness of Learning 
In the open-ended questions and the focus group data, some students reported 
having difficulty focusing on the videos.  Difficulty focusing on the videos is consistent with 
the research on undergraduate students in the flipped classroom (Foertsch et al, 2002; 
McCleery, 2015; Ogden, 2015; Schultz et al., 2014; Toto & Nguyen, 2009; Yong et al., 2015).  
Some of the videos used in this study may have been too long (around 10 minutes) to 
capture and maintain students’ interest.  Additionally, students are not accustomed to 
learning using videos and so may have found it more difficult to focus than they would on a 
classroom lecture.  Future research could directly investigate when and why student 
attention drifts while watching videos, perhaps through the use of think-aloud protocols 
where students are talking out loud while they are watching, and the process is being 
recorded by screencast software. 
6.4.4 Availability of Resources 
The availability of resources in the flipped classroom, specifically the ability to ask the 
teacher questions was identified as a challenge from the open-ended questions and the 
focus group data.  Some students were frustrated that they could not ask their questions 
right away while watching the videos at home.  This inability to ask questions and get 
immediate feedback was consistent with the research conducted on post-secondary and 
high school students (one study) (Fautch, 2015; Foertsch et al, 2002; Gilboy et al., 2015; 
McGivny-Burelle & Xue, 2013; Post et al., 2015; Schultz et al., 2014; Wasserman et al., 2014; 
Yong et al., 2015).  This may be a significant challenge of the flipped classroom.  There 
needs to be a better alternative to students presented than simply writing down their 
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questions or posting them in an online discussion.  Perhaps posting the questions on the 
video itself with a tool such as Video Ant, which allows students to post questions on the 
video as they would on a discussion board, would help to alleviate this challenge.   
6.5 Learning Performance in a Flipped Classroom 
The learning performance of students in the flipped was assessed using pre- and post-tests.  
Significant gains in learning performance with respect to knowledge and application-based 
questions were reported.  A review of the current literature shows that there are positive 
results with respect to the impact of the flipped learning approach on learning 
performance.  Many studies reported significant positive results (Albert & Beatty, 2014; 
Baepler et al., 2014; Belfi et al., 2015; Flynn, 2015; Gray Wilson, 2013; Mason et al., 2013; 
McLaughlin et al., 2014; Missildine et al., 2013; Schultz et al., 2014; Wasserman et al., 2015) 
however, some studies reported no significant difference in learning performance in the 
flipped classroom (Blair et al., 2015; Davies et al., 2013; Fautch, 2015; Galway et al., 2014; 
Guerrero et al., 2013; Larson & Yamamoto, 2013; McLaughlin et al., 2013; Wilcox Brooks, 
2014; Yong et al., 2015).  The types of questions asked in this study focused on basic 
content and some application of knowledge. A study examining the impact of a flipped 
classroom approach on teaching higher level concepts might provide additional insights. 
The flipped classroom approach to teaching can be effective in secondary school 
classrooms if implemented correctly. 
6.6 Educational Implications 
This study suggests the following: 
 flipped classrooms can be an effective teaching approach; 
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 both the type of course and lesson is important to consider when using the 
flipped classroom approach; 
 good quality videos with an appropriate platform are important; 
 and students enjoy collaborating with their peers to learn new concepts after 
watching videos.   
Flipped classrooms can work effectively for students.  Many students reported 
generally liking the flipped classroom and specifically mentioned the convenience of 
watching the videos, enjoying the in-class activities and the opportunities for collaboration 
with peers and immediate teacher feedback.  However, not all students enjoyed the flipped 
classroom.  Accommodations may have to be made to help these students adjust to a 
flipped classroom approach. 
Both the type of course (whether it is more foundational information or application-
based) and the type of lesson (information delivery or application of knowledge) must be 
considered when implementing the flipped classroom.  The flipped classroom seems to 
work well for delivering foundational information.  However, when used in application-
based courses or lessons, students have too many questions, and they may not immediately 
be able to apply their knowledge while watching the videos.  Also, if the content of the 
lesson is too difficult or too abstract, it does not seem to be a good idea to use the flipped 
classroom.  Students seemed to be less enthusiastic about the flipped classroom when 
challenging concepts were delivered via video because their questions could not be 
immediately addressed.  It is important to note that the course delivered in this study, 
grade 11 university chemistry, is a foundational course where students have minimal prior 
exposure to chemistry-related concepts.  
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 Videos used in the flipped classroom appeared to be useful for student learning. 
Students like videos to review concepts, the ease of access and the security in knowing they 
are always available to them.  However, videos are not useful if their quality is poor or they 
are too long.  It was speculated that long videos may have led to higher levels of distraction, 
although more research is needed to confirm this assumption.  Using a platform such as Ed 
Puzzle which pauses the video at certain points to ask review questions might help to 
maintain students’ interest.  In addition, the use of tools such as Video Ant, which allows 
students to post and ask questions on the actual video could be helpful.   
In this study, one of the more effective in-class strategies used after students watched 
videos at home was small group collaboration.  A number of students enjoyed being able to 
collaborate with their peers on in-class and inquiry-based activities.  Teachers should 
include more opportunities for collaboration in their courses when designing their 
pedagogy.   
 
6.7 Limitations and Future Research 
This study used four methods of data collection: Likert scales, multiple choice 
questions, open-ended questions and a focus group.  However, several limitations might be 
considered prior to conducting future research.  
First, the flipped classroom could be compared to the traditional classroom to 
determine if it is more effective.  This study only examined the flipped classroom, so there 
is no baseline data to compare with.  If traditional classrooms produce similar results, a 
flipped classroom approach may not be the best option given the amount of time it takes to 
produce videos.   
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Second, the number of participants in this study was small.  Even though three classes 
of approximately 30 students each were invited to participate, the participation rate was 
57%.  All students were in grade 11 university preparatory chemistry and were not 
randomly selected.  Future research could include a larger number of students from a 
broader range of subject areas.  
Third, the content delivered and evaluated in this study was not explicitly labelled as 
knowledge-based or application-based.  The type of content delivered seemed to impact 
students’ opinions of the flipped classroom.  The content was divided between knowledge-
based and application-based, however, the majority of the pre- and post-tests evaluated 
knowledge-based questions.   Future research should clearly differentiate and assess 
higher-level questions. 
Fourth, this study did not examine the characteristics of good quality videos or in-
class activities.  The quality of the videos, the video length and characteristics of the videos 
such as prompts, highlighting and pace were not examined.  In addition, the questions 
asked about the videos may have been too general.   
Fifth, the researcher in this study used a wide range of in-class activities to maximize 
student engagement.  However, a comparative evaluation of each of these activities might 
be useful in helping educators select the most effective teaching approaches. 
Sixth, this study did not examine why there were individual differences in student 
resistance to using the flipped classroom.  It would be of interest to analyze why students 
were resistant or embraced to using the flipped classroom. 
Finally, this study did not address the teacher’s perspective on teaching in the flipped 
classroom.  It would be of interest to other educators to learn more about the work that 
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goes into creating videos and in-class activities, as well as the teacher’s observations and 
comments during and after the implementation of each lesson.  Future research should be 
conducted on the educator’s perspective on the flipped classroom, particularly at the 
secondary-school level.  
6.8 Conclusion 
Previous research has suggested that the flipped classroom approach effective in 
higher education classrooms, however, limited research has been conducted in secondary 
school classrooms.  Consequently, the purpose of this study was to evaluate how the 
flipped classroom impacted the attitudes and learning performance of secondary school 
students studying grade 11 chemistry.  Four areas were examined: student attitudes, 
benefits, challenges and student learning performance.  Within those four areas, five 
themes of importance emerged: the learning environment in the classroom after watching 
the videos at home, understanding concepts presented, availability of resources, the 
effectiveness of learning strategies used, and the quality of videos. With respect to student 
attitudes, most secondary school students in this study liked participating in the flipped 
classroom.  They enjoyed the learning environment, understood the material, agreed that 
resources were available to them and believed that the learning strategies used were 
effective.  The benefits of the flipped classroom included the learning environment (videos, 
in-class learning activities, and pace), understanding the material and the effectiveness of 
learning as students appreciated the ability to re-watch videos, the clarity of video content 
and having enough time to review in-depth as well as ask questions in class.  However, 
these same areas were challenging to some students.  Some students disliked the learning 
environment of the flipped classroom, including the teaching methods, the pace and 
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environment.  Several students felt that it was difficult to understand the material and 
focus on the videos and wanted more engaging lessons.  Regarding learning performance, 
students performed better on the post-test than the pre-test, except for the application-
based mole question in the flipped classroom.   
This study has shown that the use of a flipped classroom approach to teaching is 
more complex than we think.  Educators must think carefully about their approach used to 
deliver and engage with content to ensure that the learning goals match the age group, 
pedagogy, content and technology to maximize student learning.  Perhaps most important 
is the flexibility of the instructor in their willingness to adapt their teaching methods based 
on the needs of their students.  
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Appendix A – Letter of Information & Permission from Principal 
Dear Mr.  Paputsis,   
As you know, I am a Chemistry teacher at Northview Heights Secondary School.  I am also a 
Master’s Candidate at UOIT and am studying how the use of a flipped classroom (see 
flippedlearning.org for more information on a flipped classroom) impacts student learning 
performance and attitudes towards learning chemistry.  I am interested in determining 
whether a flipped classroom improves student attitudes towards learning chemistry and 
how student learning is impacted by examining their performance on pre- and post-tests 
on subject material.  Such information will be useful to schools and teachers in designing 
better programs both to engage students and also improve their performance.   
 
Each participant will be asked to complete a total 12 online surveys which will take 
approximately 10 minutes each.  Class time will be given to complete the surveys, 
throughout the months of September, October and November of 2015.  There will be 3 
types of surveys: pre-tests, post-tests, and attitudinal behaviour surveys.  The pre- and 
post-test surveys will be done prior to the unit and at the end of the unit to determine how 
student knowledge has changed (if it has changed).  These will be multiple choice and 
open-ended questions on subject material designed to gauge student learning.  The 
attitudinal behaviour surveys will be done at the end of each unit to determine student 
impressions on the flipped classroom.  This survey will include questions about what they 
liked and didn’t like about the flipped classroom, ease of use, quality of videos, time 
commitments, classroom activities, etc.  At the end of the study, each participant may also 
be asked to participate in a more detailed focus group interview, facilitated by a colleague 
of mine, with 6 – 8 other students which will be audio-taped.  This would occur during the 
school day, over lunch and last approximately 60 minutes.  He/she may withdraw from the 
research at any time by not completing any further surveys or not participating in the focus 
group.   
 
There may be some risks to participating in the study including psychological stress for 
student performance on the pre- or post-test, concern for status, grade and reputation in 
the class for both the surveys and focus group, and an expectation to participate in the 
study, as class time is being used for the surveys.  However, each participant will be 
assured that their responses are confidential and anonymous, reminded that their 
participation is voluntary and that they always have the right to withdraw from the study, 
at any point without negative consequences.  Furthermore, the focus group will be 
facilitated by a colleague of mine to maintain the confidentiality of the student’s responses.  
Although each survey will take approximately 10 minutes of class time, students not 
participating in the survey will be able to use the time to review previous work, catch-up 
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on any missed work and/or work ahead on the next material so that they do not feel 
pressured to participate in the study.    
 
Participation in this study is voluntary and will not affect the participant’s attendance in 
class or his/her evaluation by the school.  All information collected from the surveys will be 
anonymous and strictly confidential.  The focus group will be facilitated by a colleague of 
mine, and so it will be impossible to identify each participant’s response, even with the use 
of an audio recording device and all responses will be kept strictly confidential. 
 
Should a participant choose to withdraw from participating in the study, they simply will 
not answer any further survey questions and will not participate in the focus group.  
Survey data will be gathered in a pool of data without any personal identifiers, through the 
use of Survey Monkey so it will be impossible to remove any data after it is submitted.  
Focus group data will be audio recorded by a colleague of mine, I will transcribe the tapes, 
and then the tapes will be destroyed.   
 
The External Research Review Committee of the TDSB has granted approval for this study.   
Please let me know if you give your assent for me to complete this study at Northview 
Heights.  Your cooperation will be very much appreciated.  Please email me at 
kelsey.dermott@tdsb.on.ca if you have further questions or requests for further 
information or materials.   
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Appendix B – Parental Consent Form 
Dear Parent or Guardian:  
I am your child’s grade 11 University Chemistry teacher.  I am also a Master’s 
Candidate at UOIT and am studying how the use of a flipped classroom (see 
flippedlearning.org for more information on a flipped classroom) impacts student learning 
performance and attitudes towards learning chemistry.  I am interested in determining 
whether a flipped classroom improves student attitudes towards learning chemistry and 
how student learning is impacted by examining their performance on pre- and post-tests 
on the subject material.  Such information will be useful to schools and teachers in 
designing better programs both to engage students and also improve their performance.   
The External Research Review Committee of the TDSB has granted approval for this 
study.  The school Principal has also given permission for this study to be carried out in 
your son/daughter’s school.   
Your son/daughter will be asked to complete a total 12 online surveys which will take 
approximately 10 minutes each.  Class time will be given to complete the surveys, 
throughout the months of September, October and November.  There will be 3 types of 
surveys: pre-tests, post-tests, and attitudinal behaviour surveys.  The pre- and post-test 
surveys will be done prior to the unit and at the end of the unit to determine how student 
knowledge has changed (if it has changed).  These will be multiple choice and open-ended 
questions on subject material designed to gauge student learning.  The attitudinal 
behaviour surveys will be done at the end of each unit to determine student impressions on 
the flipped classroom.  This survey will include questions about what they liked and didn’t 
like about the flipped classroom, ease of use, quality of videos, time commitments, 
classroom activities, etc.  At the end of the study, your child may also be asked to 
participate in a more detailed focus group interview, facilitated by a colleague of mine, with 
6 – 8 other students which will be audio-taped.  This would occur during the school day, 
over lunch and last approximately 60 minutes.  He/she may withdraw from the research at 
any time by not completing any further surveys or not participating in the focus group.   
There may be some risks to participating in the study including psychological stress 
for student performance on the pre- or post-test, concern for status, grade and reputation 
in the class for both the surveys and focus group, and an expectation to participate in the 
study, as class time is being used for the surveys.  However, your son/daughter will be 
assured that their responses are confidential and anonymous, reminded that their 
participation is voluntary and that they always have the right to withdraw from the study, 
at any point without negative consequences.  Furthermore, the focus group will be 
facilitated by a colleague of mine to maintain the confidentiality of the student’s responses.  
Although each survey will take approximately 10 minutes of class time, students not 
participating in the survey will be able to use the time to review previous work, catch-up 
on any missed work and/or work ahead on the next material so that they do not feel 
pressured to participate in the study.    
 
Participation in this study is voluntary and will not affect your son/daughter’s 
attendance in class or his/her evaluation by the school.  All information collected from the 
surveys will be anonymous and strictly confidential.  The focus group will be facilitated by 
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a colleague of mine, and so it will be impossible to identify your son/daughter’s response, 
even with the use of an audio recording device and all responses will be kept strictly 
confidential. 
Should your son/daughter choose to withdraw from participating in the study, they 
simply will not answer any further survey questions and will not participate in the focus 
group.  Survey data will be gathered in a pool of data without any personal identifiers, 
through the use of Survey Monkey so it will be impossible to remove any data after it is 
submitted.  Focus group data will be audio recorded by a colleague of mine, I will transcribe 
the tapes, and then the tapes will be destroyed.   
Please indicate on the attached form whether you permit your son/daughter to take 
part in this study.  Over the multi-stage course of the project, your son/daughter will be 
reminded about the protections of this consent and given opportunities to withdraw from 
the study without any negative consequences.  By consenting, you do not waive any legal 
rights or recourse.  Your cooperation will be very much appreciated.  Please email me at 
kelsey.dermott@tdsb.on.ca if you have further questions.   
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1. The learning environment inside the class for this unit was effective for me. * 
2. I found this class to be: 
(Very Slow, Slow, Just Right, Fast, Very Fast) 
3. The amount of work assigned outside of class for this unit time was:  
(Far Too Little, Too Little, Just Right, Too Much, Far Too Much) 
 
Understanding of Material 
4. I understand the material covered in this unit. * 
 
Availability of Resources  
5. I have enough resources to review the material covered in this unit. * 
6. I have received the individual assistance I need from my teacher for this unit. * 
7. When I don’t understand something, my questions have been answered for this unit. * 
 
Learning Preferences 
8. I learn effectively when the teacher lectures. * 
9. I learn effectively when I solve problems on my own with the teacher around to help me 
with any difficulties. * 
10. I learn effectively when working in groups to solve problems. * 
11. I learn effectively from watching videos about a new concept. * 
 
12. What did you like (if anything) about how this unit was taught? Please explain why. 
 
13. How could the teaching methods be improved for this unit?  Please explain. 
 
 
*Likert Scale used was: Strongly Disagree, Disagree, Somewhat Disagree, Neither Disagree 
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Appendix D – Pre- and Post-Test Unit #1  
1. What is the purpose of bonding? 
a.  To share electrons. 
b.  To transfer electrons. 
c.  For the atoms involved to achieve a more stable state, than if they were 
individual atoms. 
d.  For the central atom to have 8 electrons surrounding it. 
e.  I don’t know. 
2. A bond has a ΔEN of 1.3.  What type of bond is it? 
a.  Covalent 
b.  Polar Covalent 
c.  Ionic 
d.  Metallic 
e.  I don’t know. 
3. Which statement about ionic compounds is false? 
a.  An ionic compound is composed of ions. 
b.  An ionic compound is often a metal and a non-metal ion. 
c.  An ionic compound contains the same number of oppositely charged ions. 
d.  An ionic compound has a net charge of 0. 
e.  I don’t know. 
4. Which of the following molecules is polar? 
a.  H2O 
b.  CCl4 
c.  NH3 
d.  Both a.  and c. 
e.  I don’t know. 
5. Which compound is most likely to be soluble in water? 
a.  Non-polar compound 
b.  Polar compound 
c.  A slightly polar compound 
d.  An ionic compound 
e.  I don’t know. 
6. What statement about the properties of compounds is true? 
a.  All ionic compounds dissolve in water. 
b.  Molecular compounds are more likely to conduct electricity than ionic 
compounds. 
c.  A compound that has a very low boiling point is a gas at room temperature. 
d.  Molecular compounds are hard and brittle. 
e.  I don’t know. 
 
7. Your friend is having difficulty deciding if a molecule is a polar molecule.  What would 
you tell your friend to help her determine if the molecule is polar or not? (open-ended) 
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Appendix E – Pre- and Post-Test Unit #3  
1. What is the mole? 
a.  A ratio 
b.  Unit of measure 
c.  A very small number 
d.  A very large number 
e.  I don’t know. 
2. What is the molar mass of Al2(HPO4)3? 
a.  122.96 g/mol 
b.  197.94 g/mol 
c.  277.94 g/mol 
d.  341.90 g/mol 
e.  I don’t know. 
3. How many atoms are in 2.50 g of NaCl? 
a.  0.04 
b.   23.38 
c.  2.57 x 1022 
d.  5.15 x 1022 
e.  I don’t know.   
4. What is the percentage composition, by mass, of hydrogen in acetic acid (CH3COOH)? 
a.  5.05% 
b.  6.72% 
c.  40.0% 
d.  53.2% 
e.  I don’t know. 
5. Which formula is an example of an empirical formula? 
a.  CH2O 
b.  C2H4O2 
c.  C3H6O3 
d.C4H8O4 
e.  I don’t know. 
6.  A molecular formula can provide more information than an empirical formula about: 
a.  which elements make up the molecule 
b.  the relative amounts of the elements in the molecule 
c.  the relative masses of the elements in the molecule 
d.  the mass of the sample 
e.  I don’t know. 
 
7. A chemist is testing water samples for lead.  Health Canada suggests that drinking 
water should have a maximum lead content of 0.010 mg/L of water.  If a test reveals 
that a    1.0 L water sample contains 3.1 x 1017 atoms of lead, is the water safe to drink? 
Explain.  (open-ended) 
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Appendix F – Focus Group Guide 
 
1. What was the impact of the flipped classroom on your learning? 
 
2. What did you like about the flipped classroom environment? 
 
3. What did you not like about the flipped classroom environment? 
 
4. What did you like about the videos that you watched for the flipped classroom? 
 
5. What did you not like about the videos that you watched for the flipped classroom? 
 
6. What did you like about working in groups to solve problems? 
 
7. What did you not like about working in groups to solve problems? 
 
8. Do you think that the amount of work you completed in the flipped classroom 
environment was appropriate? Why or why not? 
 
9. What did you think of the pace of the flipped classroom? Did it move too fast or too 
slow? Please give an example. 
 
10. Did the individual assistance that you got from your teacher differ between the 
traditional and flipped models of teaching? Please explain. 
 
11. Do you think that the flipped classroom environment made it easier or more difficult to 
learn chemistry? Please explain. 
 
 
 
 
